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INTRODUCTION

The morphological transformation of the hormonally prepared
endometrium is a response which is known as the decidual cell
reaction.

The reaction is seen either when the blastocyst is present

in the uterus at the time of implantation, or when the hormonally
sensitized endometrium receives a stimulus such as local trauma
(Loeb, 1907, 1908; Krehbeil, 1937).

The appropriate hormonal status

can be produced artificially in the state of pseudopregnancy
(Krehbeil, 1937).

One way to induce pseudopregnancy is to supply

specific quantities of estrogen and progesterone to a spayed animal,
and to stimulate the uterus at the time when the endometrium is
maximally sensitized (DeFeo, 1967).

The rat has proven to be a

particularly good animal model since it is unusually receptive to
decidualizing stimuli (Finn and Porter, 1975).

The histological

changes which occur in the decidual cell reaction in pseudopregnancy
of the rat are similar to those seen in the state of pregnancy
(Krehbeil, 1937).
A number of hypotheses for the mechanism of induction of
decidual cell response have been described in the literature over
the past 75 years.

As

yet no one inductive agent for this response

has been identified with certainty.

One of the hypotheses is that

the blastocyst may be capable of initiating the reaction by its
1
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contact with the epithelial cells of the uterine lumen (Blandau,
1949).

On

the other hand, such nonspecific stimuli as air can

also cafise the response (Orsini, 1963), which suggests that simple
mechanical contact may be as effective.

Histamine is one vasoactive

compound which has been suggested as having an important role in the
reaction (Shelesnyak, 1957), but experimental evidence concerning
this compound is controversial (DeFeo, 1967).

Only recently has

a group of vasoactive substances known as the prostaglandins been
implicated in the response (Sananes

~

al., 1976).

The present study has been directed toward investigating the
possibility that either one or both of two prostaglandins, PGFZa'
or PGE

2

may be direct inductive agents in the decidual cell reaction.

The objective of the work was to determine, by qualitative and
quantitative data, whether one or both of these compounds can cause
the DCR when applied locally to the uterus.

To achieve this

objective, it was necessary to determine whether or not the
reaction caused by one or other of the prostaglandins is
morphologically similar to that caused by a deciduogenic stimulus
such as uterine trauma.

A further objective was to determine

whether the reaction, if indeed one could be induced by a
prostaglandin, could also be initiated when the synthesis of the
compound by the uterus is prevented.

A fourth intent was to

obtain detailed quantitative data of the morphology of the decidual
cell during the early phase of the response, since morphometric
data on the decidual cell has not been reported in the literature.

3

To accomplish these objectives, experiments were performed on a
variety of different groups of rat uteri.

Several morphological

techniques were used which included both light and electron microscopy.
In addition, morphometric data were collected to obtain quantitative
information about the response.

REVIEW OF THE LITERATURE I
THE DECIDUAL CELL REACTION
I.

INTRODUCTION
When the uterus is sensitized appropriately the endometrium

undergoes certain changes leading to a response which is usually
called the decidual cell reaction.

This response can be initiated

by the blastocyst in pregnancy (Loeb, 1907), can occur spontaneously
as in the human menstrual cycle (Cavazos, 1973), or can be induced
experimentally by one of several manipulations (Shelesnyak, 1957).
The origin, structure, and function of decidual cells vary
greatly from species to species and within the same species.

Since

the response is not present in all animals, placental function does
not necessarily depend upon its presence (Enders and Given, 1977).
Decidualization is observed in species where the blastocyst is found
between the epithelium and the uterine stroma, or where epithelium
is not present between the trophoblast and maternal blood vessels.
example of the latter is the hemochorial placenta of the rat and man
(Mossman, 1937).

In some species the luminal epithelium must be

removed before decidualization can occur (Blandau, 1949).

In a few

species, such as the monkey, the reaction involves the endometrial
epithelial cells (Psychoyos, 1973), but in most animals having the
decidual cell reaction, it is the uterine stromal cells which are
altered in their morphology (Krehbeil, 1937).
As early as 1907, Loeb recognized that there was a similarity
between the characteristics of the endometrium which has been

4
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stimulated by the blastocyst and that which has been stimulated
artificially.

Prior to this work it was believed that the blastocyst

was the specific stimulus for the appearance of decidualization.

Loeb

(1908) observed that following an indifferent stimulus, the endometrium
showed growth of decidual cells, provided that the stimulus was
applied during a specific phase of the estrus cycle, and that the
corpus luteum was present.

From his work three important questions

arose which formed the basis of nearly three quarters of a century's
investigations of the decidual cell reaction.

These are:

First,

what is the mechanism of the stimulus which gives rise to the
decidual cell reaction?

Second, what characteristics of the endometrium

permit sensitization at a particular time, but not at others?

And

third, how are hormones controlled during the luteal phase of the
ovarian cycle such that they account for the presence of uterine
sensitivity (DeFeo, 1967)?
fully answered.

These questions have not as yet been

It is the purpose of this work in part to address

the first of Doctor Loeb's queries.
Subsequent to the initial work on the DCR in guinea pigs and
rabbits (Loeb, 1907, 1908), Frank (1911) performed experiments in
guinea pigs, rabbits, and rats which demonstrated that the decidual
cell response in the absence of an embryo was dependent upon the
corpus luteum.

Confirmatory studies were performed by Corner and

Warren (1919) in the rat, which has proven to be highly responsive to
a decidual stimulus (Finn and Porter, 1975).

Weichert (1928)

subsequently established that a hormone control mechanism was involved,

6

since the response could be induced in ovariectomized rats which had
been supplanted with extracts of corpus luteum.
Several experimental manipulations have been successfully used to
induce the DCR.

They include slitting the uterine lumen (Frankt 1911);

scratching the endometrium (Corner and Warrent 1919); electrical
stimulation (Krehbeilt 1937); systemic injection of a variety of
substances including histamine and histamine releasing agents
(Shelesnyak, 1957; Shelesnyak and Kraicert 1961); and intraluminal
injection of oils (Finn and Keen, 1962a), air (Orsini, 1963), and
other nonphysiologic solutions (DeFeot 1963, 1967).

Saline gives a

slight decidual cell response when injected into the uterine lumen
and has been used as a baseline control for the reaction (Finn and
Keen, 1963).

With any of the artificial stimuli mentioned above, it

is possible to elicit a response along the entire length of the
uterus, but in the state of natural pregnancy the areas of
decidualization are small masses located around the embryo.

This

difference may be because the embryo stimulates a smaller area of the
endometrium than does the artificial stimulus.

Thus it is possible

that in the state of pregnancy the uterus does not respond to its full
capacity (Blandau, 1949; DeFeot 1967).
Endometrium stimulated by the blastocyst has been referred to
as "decidua", whereas after an artificial stimulus it may be more
properly called "deciduoma".

The terms "decidualization" and "decidual

cell reaction" are used to refer to either response (DeFeo, 1967).

7

The term "decidua" was derived because at the end of gestation a thin
layer of tissue is present in the uterine ·mucosa of many rodents and
man; it is by means of this tissue that separation and shedding of
placental tissue at parturition is accomplished (Amoroso, 1952).

The

term "deciduoma" was derived from the tumor like growth of the
experimentally induced reaction (Loeb, 1908).

The principle advantages

to studying the artificially induced DCR are (1) that the response is
more extensive than that of blastocyst implantation, (2) that the time
course of the response is more easily studied, and (3) that the specific
roles of the hormones involved in the reaction can be studied
(Ledford

~

al., 1976).

One technique which has proven particularly useful in the study of
the DCR is pseudopregnancy, which can be induced either by sterile
mating or by an experimental maneuver, such as stimulation of the
cervix at the time of estrus (Shelesnyak, 1931; Greep and Hishaw, 1938).
Alternatively it may be elicited by stimulation after appropriate
hormonal preparation in ovariectomized animals (Astwood, 1939).

Allen

(1931) stated that the stages of pseudopregnancy closely resemble
those of pregnancy and are not like those of the estrus cycle.
In the pregnant rat the embryo becomes implanted in the
antimesometrial aspect of the uterus 5 1/2 days after the day of
mating (Krehbeil, 1937).

The antimesometrial aspect is that side which

is opposite the position of uterine attachments.

While the normal

gestation period is 22 days (Allen, 1931), the state of pseudopregnancy
lasts approximately 14.03 days (Shelesnyak, 1931), but may be extended
to 22 days under certain experimental conditions

(Velardo~

al., 1953).

8

DeFeo (1967) observed that the histology and biochemistry of
decidualization in pseudopregnancy are comparable to those in the
pregnant state.

II.

HISTOLOGICAL
(A).

CHk~GES

OF THE DECIDUAL CELL REACTION

UTERINE STROMA
(1)

LIGHT MICROSCOPY

The decidual response involves an orderly sequence of
areas of the endometrium including successively the antimesometrial
tissue, the mesometrial tissue, and the metrial gland (Velardo et al.,
1953).

The reaction on the antimesometrial side always precedes that

on the mesometrial aspect, and the extent of the reaction here is
always greater (Krehbeil, 1937).

Even when oil is injected into the

uterine lumen to provide a uniform stimulus to the horn, the DCR is
still initiated antimesometrially (Finn and Hinchliffe, 1964).

For

this reason Fainstat (1968) has termed the antimesometrial side
the "morphological pacemaker".

Why the response is maximal in

that particular location is unknown
Psychoyos, 1973).

(Rothchild~

al., 1940;

However it is known that hyperemia is more

intense in this area at the time of blastocyst implantation (Finn
and Porter, 1975).

The last tissue to respond is the metrial

gland, which is located in a triangular area bounded by the outer
longitudinal uterine muscles and the inner circular muscles.
The function of the metrial gland is unknown but it may secrete
relaxin or other hormones involved in parturition (Baker, 1948).

9
The literature contains numerous studies of the various stages
of the decidual cell reaction.

Since studies of the endometrium on

the fourth, fifth, and sixth days of pseudopregnancy of the rat are
particularly germane to this work, they will be considered in
detail in this review.

Later phases of the response will be

mentioned only briefly and as they relate to the data which will be
presented.

Descriptions of the events presented here are those

occurring on the antimesometrial side of the uterus, unless otherwise
specified.
The decidual cell response spreads centrifugally (luminal to
peripheral) beginning in central foci

(Ledford~

al., 1976).

In

cross sections of uteri observed on day 4 of pregnancy or
pseudopregnancy, the endometrial stroma shows differentiation into
two zones - a superficial (luminal) zone where stromal cells undergo
decidual modification, and a deeper zone where hypertrophy and
hyperplasia do not occur and unmodified collagen persists (Velardo et al.,
1953).

At this stage the uterus has a larger diameter and larger

glands than on previous days and there/is a separation of stromal
cells due to imbibition of water (DeFeo, 1963).
On the fifth day, the endometrial capillaries proliferate
(Blandau, 1949), and there is a concomitant increase in uterine
weight

(Velardo~

al., 1953) and edema formation (Psychoyos, 1973).

Stromal cells observed late on the fifth day are described as being
fibroblast-like in nature (Krehbeil, 1937).

Allen (1931) observed that

only rarely were polymorphonuclear leukocytes seen in the stroma at
this time.
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Krehbeil (1937) stated that early on the sixth day the stroma
shows enlargement of subepithelial cells into decidual cells.

These

cells are characteristically hypertrophic and contain prominent
nucleoli and dendritic cytoplasmic processes.

Concomitantly mitotic

figures are observed in the stimulated antimesometrial uterus and the
capillary bed in this area begins proliferating

(Velardo~

al., 1953).

A zone in this area denoted as the "implantation chamber" is free of
capillaries (Krehbeil, 1937).

Krehbeil (1937) stated that later on the

sixth day a few cells in the "primary decidual zone" (that area
beneath the implantation chamber) contain small amounts of glycogen.

At

the periphery of the primary decidual zone, a secondary zone also
appears which undergoes extensive hypertrophy and hyperplasia and many
binucleated cells appear (Krehbeil, 1937).

While the inner cells are

undergoing decidual transformation the stromal cells peripheral to
these are dividing (Fainstat, 1968).

In the region closest to the

circular muscles, a few cell divisions appear.

This nonreactive area

is maintained throughout pregnancy or pseudopregnancy and forms the
area of separation when the uterine decidua is shed (Velardo et al.,
1953).

Thus by the end of the sixth day the cells on the antimesometrial

aspect of the uterus are clearly differentiated histologically and are
distinct from those on the mesometrial side (Krehbeil, 1937).
At the same time there is an increase in the number of reticular
fibers (Lobel et al., 1965b) and a decrease in the number of collagen
fibers (Fainstat, 1968) with attendant edema (Psychoyos, 1973).
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Discrete collagen bundles are observed only rarely where decidual
modification has occurred.

Fainstat (1968) associated the disappearance

of collagen and ground substance and apparent lack of replacement of the
extracellular materials with the loss of the luminal epithelium.

He

believed that in the absence of luminal epithelial cells there is a
decreased incorporation of glycine into collagen and decreased
incorporation of sulfated molecules into mucopolysaccharides.

A few

migratory cells are seen in the uterus at this time, but macrophages
and eosinophils are usually limited to the nonreactive stromal area;
the number of leukocytes declines with the course of pregnancy or
pseudopregnancy (Lobel

~

al., 1965c).

By the seventh day the greatest amount of stromal mitotic
activity is seen, and large multinucleated cells are abundant
(Velardo~

al., 1953).

On the eighth day the extent of the

decidual cell reaction is maximal

(Lobel~

al., 1965d), but changes

continue so that by the ninth day rapid cell division has produced
binucleated and multinucleated cells with basophilic cytoplasm
(Krehbeil, 1937).

Sachs and Shelesnyak (1955) have shown that the

increase in DNA is not due to cell fusion, but is the result of
replication of DNA without subsequent cell division (endoreduplication).
Extravasation of blood into the uterine lumen (hemochorial placenta)
becomes apparent at this time, a process which is independent of the
presence of the blastocyst

(Velardo~

al., 1953).

In the

pseudopregnant animal on the thirteenth day the morphology of the
decidual cells begins to change from a round to an elongated shape.

12
By this time, the stromal cells contain lipids, indicating a decline
in the function of the tissue (Krehbeil, 1937).
Lobel et al. (1965c) have observed that there are two different
types of decidual cells.

The first type is larger, and is located

at the center of the deciduoma.

They have a large nucleus and one or

two nucleoli, and an accumulation of RNA and mitochondria.

These

cells are associated with the implantation chamber and the authors
suggest that they are metabolically more active.

The second type are

smaller, more uniformly sized cells which become hypertrophic later
and to a lesser extent than the larger ones; their metabolic activity
appears to be lower.

(2)

EDEMA

One of the most pronounced changes of the uterine stroma during
the decidual cell response is the appearance of a transient edematous
phase (Krehbeil, 1937; Fainstat, 1960). The appearance of interstitial
edema is independent of the presence of the blastocyst and is an
essential component of decidualization (Psychoyos, 1973); the pattern
of edema formation is similar in both decidual and deciduoma formation
(Bindon, 1969).

One effect of this edema is the closure of the uterine

lumen (Nilsson and Norberg, 1963).

This part of the decidual cell reac-

tion is seen 16 hours after trauma (DeFeo, 1963) and the first decidual
cells appear 20 hours later (Psychoyos, 1967).

This edema is

accompanied by an increase in vascular permeability which Psychoyos
states is the first event in the response (1960, cited in Psychoyos,
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1973).

At least three techniques have confirmed increased capillary

permeability:

injection of macromolecular dyes such as Evans blue or

pontamine blue (Psychoyos, 1960, cited in Psychoyos, 1973), the
injection of

131 iodinated protein (Bindon, 1969), and the injection of

colloidal particles (Pappas and Blanchette, 1965).

One of these tests,

the pontamine blue reaction, is presently used as a standard means for
identification of the location of blastocyst implantation (Psychoyos,

1973).

Within 15 minutes of injection of the dye, the interstitium

shows a blue reaction which remains long after the dye has cleared the
systemic circulation (Enders and Given, 1977).
Friederici (1967) observed that there were actually two stages
to the changes in capillary permeability.

In the first stage, about

6 hours after the injection of estrogen into the pseudopregnant animal,
vital dyes will stain connective tissues.

At this time there is a

separation of endothelial cell junctions as observed at the electron
microscopic level (1967).

The number of endothelial pores increases

and the capillary permeability becomes greater, as indicated by the
passage of colloidal particles through the intercellular spaces
(Pappas and Blanchette, 1965).

Concomitantly there is an efflux of

water and solutes into the interstitium and transudate formation
(Friederici, 1967).

Pappas and Blanchette (1965) pointed out that

the passage of materials through junctional complexes is a typical
response to histamine and serotonin since cell junctions widen
during the inflammatory process.
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In the second stage, 20 hours after estrogen injection, the
intercapillary junctions are closed and the endothelium secretes
glycosaminoglycans, mucoproteins, and collagen.

At this stage

the enlarged uterus is hyperemic, but does not stain with pontamine
blue (Friederici, 1967).

Water soluble mucoprotein and noncollagenous

proteins are present in the interstitium, and the conformation of
fibroblasts indicates greater production of these substances.

The

degree of capillary permeability increases the capacity of the stroma
to decidualize (Friederici, 1967).
A high potassium to sodium ratio may account in part for the
expansion of intercellular spaces; these ionic changes are characteristic
of tissue groWth (Bitman

~

al., 1960).

Between the 4th and 5th day

a marked increase in interstitial ATPase parallels the transport of
sodium and potassium ions into this area (Psychoyos, 1973).

The most

likely cause of the edema is the increased capillary permeability.

This

vascular change is associated with the passage of plasma proteins into
the intercellular space and increased interstitial osmotic pressure.
The significance of the edema formation is not known; it is probably
related to the metabolic needs of the tissue (Enders and Given, 1977).
Lundqvist and Ljungkvist (1977) point out that with the increase
in capillary permeability, pentalaminar junctions (apposition of adjacent
cell membranes to form tight junctions or gap junctions) develop between
stromal cells in the area of the implantation chamber; thus the
stage of stromal differentiation may reflect the establishment of
intercellular communication.

15
Lundqvist and Ljungkvist (1977) have shown clearly that the stromal
edema develops before the pontamine blue reaction indicating that either
the increase in vascular permeability may occur later or that the
pontamine blue reaction is a rather late event in the series of
vascular changes.
Lundqvist (1978a) has also shown that the ultrastructure of the
nucleolus of the stromal cell changes within 4 to 8 hours of the
administration of estradiol and 8 to 12 hours before the pontamine
blue reaction.

At the same time the number of cytoplasmic ribosomes

increases (Lundqvist, l978a).

Similarly there is a doubling in protein

content and a slight increase in total DNA 12 hours after stimulation
(Ledford~

al., 1976).

Thus the stroma appears to be influenced by

a stimulus several hours before the pontamine blue reaction occurs
(Lundqvist, 1978a,b).

Furthermore, new proteins are synthesized in

the endometrium as early as one hour after decidual stimulation by
trauma (Denari et al., 1976).

Thus the functional relationship

between the vascular changes and the stromal changes have not yet been
elucidated.

Lundqvist (1978a) has suggested that the vascular changes

may be produced by vasoactive substances synthesized by the stromal
cells themselves.
Little quantitative data are available concerning blood flow to
the implantation site in the pregnant or stimulated endometrium (Finn
and Porter, 1975).

The change in vascular permeability is closely

associated with hormone concentrations, and the growth and development
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of new vessels are all affected by estrogen (Pappas and Blanchette,
1965; Friederici, 1967; Finn and Porter, 1975).

(3)

ELECTRON MICROSCOPIC EVALUATION OF THE DECIDUAL
CELL REACTION

Jollie and Bencosme (1965) examined the fully decidualized stroma
(days 8 and 9) and found the decidual cells to be larger than stromal
fibroblasts.

They reported that the nucleus possesses an irregular

border and the outer membrane in some cases is continuous with
the endoplasmic reticulum.

The Golgi complexes and smooth endoplasmic

reticulum are commonly observed.

Smooth endoplasmic reticulum is

a characteristic feature of the fully formed decidual cells, whereas
less differentiated cells contain proportionately more rough
endoplasmic reticulum.

Free ribosomes are numerous and are diffusely

scattered throughout the cytoplasm.
seen in many cells.

A fibrillar material can be

Mitochondria with ladderlike cristae are

abundant, and myelin forms and lysosomes are also numerous.

Plasma

membranes of decidual cells are joined by desmosomes and zonulae
adherentes.

Jollie and Bencosme (1965) concluded that the maximal

decidual cell response is generally characterized by an increase
in the amount and complexity of endoplasmic reticulum, enlarging
of mitochondria, and synthesis of a fibrillar material which may
serve to support the hypertrophic tissue.

Similar findings have

been described in the hormonally prepared prepubescent rat, although
the day of tissue preparation was not mentioned by the authors (Sananes
~

al., 1976).

Tachi et al. (1969) have observed ciliated
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stromal cells at the time of implantation (day 5) but their function
is not known.
Several workers have described specialized junctions between
decidual cells in the mouse (Finn and Martin, 1967; Finn and Lawn,
1967), and rat

(Kleinfeld~

al., 1976; Lundqvist, 1978a).

Tight

junctions and gap junctions have been observed in the initial stages
of decidualization.

Finn and Lawn (1967) stated that tight junctions

are only rarely observed outside of epithelial tissues and may serve
as mechanical barriers to the invading blastocyst.

On the other hand

gap junctions are most frequently seen where electrical communications
between cells occur.

They are thought to provide a system of

communication which coordinates the functional activity of the cells.
Finn and Lawn (1967) suggested that the signal initiating
differentiation of the fibroblasts into decidual cells may be
transmitted through these specialized junctions.

(B)

LUMINAL EPITHELIUM
(1)

LIGHT MICROSCOPY

As decidualization proceeds, the uterine epithelium degenerates
(Krehbeil, 1937; Mossman, 1937).

Fainstat (1968) proposed that this

degenerating epithelium may have outlived its usefulness and after it
transmits its signal to the stroma, it begins functional decline.

On the other hand, Blandau (1949) suggested that the epithelium does
not degenerate until its blood supply is compromised by the edema of
the underlying stroma.

Enders and Given (1977) have suggested that
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these cells may have a programmed cell death, since they degenerate
even when the decidualization is stimulated by oil:

a stimulus which

does not destroy the epithelium directly.
Morphological changes commence on the fifth day of pregnancy
or pseudopregnancy.

The nuclei of the tall columnar cells appear to

move from the center of the cell toward the basement membrane;
simultaneously, lipids which have been present at the abluminal
aspect of the cell now decrease in number (Allen, 1931).

On the

sixth day, the epithelium on the antimesometrial aspect (but not the
mesometrial aspect) changes its conformation and becomes cuboidal
Krehbeil, 1937) and somewhat later in the day it becomes squamous
(Blandau, 1949).
contain vacuoles.

It then becomes edematous and can be seen to
The decline of the epithelium parallels the growth

and differentiation of the stroma (Finn and Hinchliffe, 1964), so
that by the seventh day the normal conformation of epithelial cells
is lost and the cells begin to disappear (Krehbeil, 1937).

(2)

ELECTRON MICROSCOPY

Descriptions of the uterine epithelium of pregnant rats at the
electron microscopic level state that 24 to 48 hours before
implantation the uterine epithelial cells are tall columnar and
rest on a well defined basal lamina (Potts, 1967).

They are

connected by typical junctional complexes (Elftman, 1963).
cytoplasm contains numerous vacuoles immediately beneath the

The
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plasma membrane which may be involved in the uptake of fluid from the
lumen (Parr and Parr, 1974).

The apical cytoplasm contains a prominent

Golgi complex and a few lysosomes (Potts, 1967).

Mitochondria are

usually located between nuclei and the apical surface of the cells
(Elftman, 1963).

The nucleus occupies approximately the middle third

of the cell (Potts, 1967), and the basilar aspect of the cell is packed
with lipids (Potts, 1967), which are abundant when progesterone is
dominant.

Estrogen stimulates the mobilization of lipids (Elftman,

1963) and phospholipids from the epithelial cells (Gould et al., 1978).
The apical surfaces of most cells are crowded with regular finger-like
microvilli which possess a glycocalyx (Potts, 1967).
On the 5th day of pregnancy, the lumen of the uterus begins to
close between implantation sites.

In the first stage of closure

finger-like projections of the cell membranes from opposite sides of the
lumen meet.

In the second stage the regular microvilli are lost and
0

the apices of the opposed luminal cells are about 150A apart (Enders
and Given, 1977).

At the implantation site regular finger-like

microvilli with bulbous cytoplasmic projections termed "pinopods"
develop on the luminal surface of epithelial cells on the 5th day
(Nilsson, 1966).

Pinopods move material from the uterine lumen into

the epithelial cells (Enders and Nelson, 1973).

Apical vesicles of

the juxtaluminal cytoplasm are abundant and show a positive reaction
for alkaline phosphatase; these changes seem to be controlled by
estrogen (Nilsson and Lundqvist, 1979).

On

the afternoon of day 5

the microvilli become more squat and irregular between implantation
sites

(~ilsson,

1966}.

Apical vesicles become filled.

Lysosomes
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enlarge and become more numerous and lipids move from the basal aspect
of the cell to a supranuclear position.

Cells are joined at the

....

lateral basal aspects by interdigitations of the plasmalemma.
On day 6 the luminal aspect of the cells between implantation sites
no longer possesses bulbous projections.

Parr and Parr (1974) suggested

that there are two channels for movement of substances into the cells,
small vesicles and large vesicles (controlled by progesterone).

Both

of these are present on days 4 and 5, but disappear by day 6 (turned
off by estrogen).

Thus by day 6 endocytosis no longer occurs.

Hewitt et al., (1979) reported that anionic sites associated with
the glycocalyx are present until day 6.

(C)

GLANDULAR EPITHELIUM

Glandular epithelial cells are generally more cuboidal than
luminal epithelial cells and their nuclei are more basally located.
The lamina propria is highly vascular in both the progestational and
gestational stages (Enders and Given, 1977).

The glands of the

endometrium function to secrete glycosaminoglycans into the lumen
for "histiotrophic" nutrition (nutrition of the embryo) (Enders and
Given, 1977).

Secretions of the epithelium in the early stages of

pregnancy or pseudopregnancy are PAS positive (Lobel et al., 1965c;
Enders and Given, 1977).

After several days of treatment with

progesterone, a single dose of estrogen gives rise to a massive
glandular secretion (Finn and Martin, 1970).

These substances
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may be important to the nutrition of the blastocyst before attachment
in the pregnant animal (Finn and Martin, 1970).

(D)

MORPHOMETRY

Few histological descriptions of the uterus have included
measurement of surface area and comparison of cell sizes.
~

Bitman

al. (1960) observed that when decidualization occurs the

proportion of the endometrium increases from 6.6% to 27.2%.
Martin et al. (1973) estimated that the luminal epithelium occupies
between 5 and 10% of the surface area and the stroma and glands
between 30 and 35%, the myometrium occupies the remainder of the
uterine surface area.

Similarly the epithelium occupies

10 to 20% of tissue volume and 20% of the total cell population.
The authors estimated stromal edema by taking the reciprocal of
stromal cells per unit area and comparing this calculation to
comparable calculations in endometrial tissue which were not
edematous.

Although Allen (1931) measured the heights of

epithelial cells in the estrus cycle (range 15 to 30

~m),

the

literature does not appear to contain other studies on changes in
uterine luminal cell height.

III.

TIMING OF THE ARTIFICIAL INDUCTION OF THE DCR
The timing of the stimulus to the uterus is important to uterine

sensitivity.

For example, Long and Evans (1922) showed that threads
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inserted into the uterus caused decidualization on day 4, but not on
days 2, 6 or 8.

Similarly using unilaterally ovariectomized rats,

Seyle and McKeown (1935) demonstrated that uterine sensitivity to
needle scratch was apparent on days 3 through 6, but were unable to
elicit a response on days 7 through 13.

DeFeo (1963, 1967)

demonstrated that the time of maximum sensitivity was about noon
of day 4, but he stated that this was an average and not all animals
were necessarily reactive at this time.

IV.

HORMONAL INFLUENCES ON THE DCR
As Loeb suggested (1907, 1908), the hormonal milieu has been

found to impinge upon the endometrium and to be a controlling factor
in the state of the uterus.

A variety of experiments have helped

to reveal the complex interrelationships of the endocrine organs to
the uterus; a few are mentioned here.
By 1928 there was already evidence available that the ovaries
are important to the decidual cell response.

Weichert (1928) was

the first to suggest that estrogen and progesterone have synergistic
actions on the uterus.

He demonstrated that when corpus luteum

extracts were injected into ovariectomized rats, the DCR occurs only
if the uterus has been previously exposed to hormones from the
ovarian follicles.
That the pituitary-ovarian axis was involved in controlling
the status of the uterus during progestation was shown first in
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1938, when Astwood and Greep discovered that hypophysectomy blocks
the response.

Confirmatory data was provided when it was shown

that luteotrophic hormones stimulate the reaction in hypophysectomized
animals (Evans et al., 1941).

The importance of the ovaries was

further indicated when it was shown that progesterone can stimulate
decidualization in the absence of both the ovaries and the pituitary
(Rothchild et al., 1940).

--

The concentration of ovarian hormones has also been shown to
be important to the extent of the response; estrogen and progesterone
act differently when present in different concentrations, and the
ratio of the two hormones affects the extent of the response
(Rothchild~

al., 1940).

Estrogen can either potentiate or inhibit

the DCR (Seyle and McKeown, 1935; Astwood, 1939), depending upon the
dose (Rothchild et al., 1940), and progesterone is essential to
support the response (Astwood, 1939).

The ratio of estrogen to

progesterone is important to the induction of the reaction.

Growth

of decidua is dependent upon both steroids (Yochim and DeFeo, 1963).
In the rat the uterus must first be prepared by the addition of
progesterone (Psychoyos, 1973).

After at least 48 hours of

exposure to progesterone (Psychoyos, 1969), estrogen must be
administered in order for the uterus to attain maximum sensitivity
(Shelesnyak et al., 1963).

The simultaneous appearance of estrogen

and progesterone on the fourth day of pregnancy or pseudopregnancy
allows optimal decidualization to occur two days later (Psychoyos,
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1969).

A dose of 1

~g

of estrone to 2 mg of progesterone (or a

ratio of 1 part estrogen to

2000

optimal decidual cell reaction

parts progesterone) produces the

(Yochi~

and DeFeo, 1963).

A transient period of sensitivity is followed by insensitivity
(Psychoyos, 1973), when the uterus loses its ability to be stimulated
even though the hormonal conditions for maintaining pseudopregnancy
are present, and even though a stronger stimulus is given (DeFeo,
1963).

If the administration of progesterone is not completed with

the addition of estrogen, the state of uterine sensitivity and
subsequent nonreceptivity does not occur, and the sensitivity of the
reaction markedly decreases (Psychoyos, 1969).

DeFeo (1963) showed

that uterine sensitivity is lost with pretreatment of the uterus
with a stimulus, but the reason for this is not known.

The time

and extent of maximum sensitivity is identical in the pregnant and
pseudopregnant rat and the mechanism which controls the onset and
loss of uterine sensitivity in the pregnant and pseudopregnant
animal is considered to be the same (DeFeo, 1963).

Furthermore, the

period of maximum sensitivity to trauma coincides with the period of
sensitivity to implantation (DeFeo, 1963).

In the absence of

progesterone, estrogen can affect the stroma in a number of ways.

It

seems to control mitotic activity (Finn and Martin, 1970) by having
a regulatory influence on DNA dependent RNA synthesis (Heald et al.,
1972).

Likewise uterine glyocogen synthesis (Cecil et al., 1962),

lipid metabolism (Elftman, 1963), phospholipid metabolism (Gould~ al.,
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1978), and the production of acid and alkaline phosphatase (Finn and
Hinchliffe, 1964;

Lobel~

al., 1965c; Christie, 1966) are all under

the influence of estrogen.

Estrogen increases the height of epithelial

cells and decreases the number of lipid granules in the epithelium.
In general estrogen shifts the cellular metabolism of the uterus
from lipid synthesis to protein production (Nilsson and Norberg,
1963).

Under the influence of estrogen cell division occurs most

commonly on day 3 in the uterine glands (Finn and Martin, 1970)
and epithelial cells (Martinet al., 1973).

This cell division

is inhibited by progesterone (Martinet al., 1973).

Progesterone

is believed to modify the reaction so that stromal cells become
responsive on day 5 (Finn and Martin, 1967), since the largest
number of cell divisions are observed in the uterine stroma on this
day (Finn and Porter, 1975).

V.

HYPOTHESES FOR STIMULATION OF THE DECIDUAL CELL RESPONSE
A variety of hypotheses have been presented suggesting a

mechanism which initiates decidualization.

One hypothesis is that

the stimulus for decidualization at least in the pseudopregnant
state is simple contact between the epithelium of the uterus and
some other object or structure.

This object could be anything which

induces a physical stimulus, or even in the pregnant animals, it
could be the fertilized ovum itself.

The principle evidence in

support of this hypothesis was presented by Blandeau (1949) who
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observed that the slightest pressure against the sensitized uterus
was sufficient to induce decidualization; mere touching of the
blastocyst against the epithelium may be sufficient to initiate
the response.

The blastocyst in some species expands and contracts

rhythmically at the time of implantation, but whether or not
this is sufficient stimulus for decidualization is not known with
certainty.

In addition it has been shown that the functional

integrity of the epithelium before the time of maximal sensitivity
is essential for decidualization, since exposure of the luminal
epithelium to extreme cold for only a brief period prevents the
response from occurring (Psychoyos, 1973).

Finn and Martin (1972)

suggested that mechanical (contact) signals are transduced from the
epithelium to the underlying stroma.

Such a mechanical stimulus

could be provided by the trophoblast which could act at the surface
of the epithelium to form a stimulus (Enders and Given, 1977).

Further

evidence to support the concept that epithelial contact stimulates
decidualization is provided by the fact that a thread inserted into
the uterus initiates a DCR only if it reaches the epithelium; a defect
in the stroma alone does not give rise to a response (Fainstat, 1960).
It has been suggested that the epithelium could release into the stroma
an inducing substance which in turn might set off a chain of events of
which increased vascular permeability is but one (DeFeo, 1967).
Evidence which argues against this contact hypothesis is that
unfertilized ova, two celled eggs, and blastocysts do not induce
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decidualization when placed in the uterine lumen of the rat
(Alden, 1959).

Also, inert objects elicit the response in the

rat, but the response is not complete, since the endometrial
epithelium does not degenerate (Blandau, 1949).
A second hypothesis for the initiating mechanism of the DCR
was presented by Shelesnyak (1957).

Following a series of experiments,

which aroused much controversy, he suggested that histamine was the
decidualizing factor.

When the substance was introduced either

systemically or intraluminally, a massive response occurred (Shelesnyak
1957, 1960).

Histamine releasing agents can also induce the

decidual cell response (Shelesnyak, 1959).

Further support for

this hypothesis was provided by the report that histamine may be
released from endometrial mast cells which are abundant in the
stroma at the time of maximum uterine sensitivity.

When the

concentration of estrogen begins to increase, the number of mast
cells decreases.

It has been suggested that the decrease in the

number of mast cells indicates that histamine has been released into
the uterine endometrium which then initiates decidualization
(Bjersing and Borglin, 1964).

Both histamine (Cecil~ al., 1962)

and histaminase (Roberts and Robson, 1953) are present in the uterine
stroma at the time of decidualization.

Histamine is also formed in

cells within or near the vascular system of the uterus by an enzyme
histamine decarboxylase (Psychoyos, 1973).

Furthermore, antihistamines

reduce the DCR if they are given locally (Shelesnyak, 1957).
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Considerable evidence has been provided which argues against the
hypothesis that histamine induces the decidual cell reaction.

Some

workers have given local histamine and have been unable to induce the
DCR (Finn and Keen, 1962b; DeFeo, 1967).

It has also been shown that

antihistamines when administered systemically do not block implantation
(Finn and Keen, 1962a).

Furthermore Tachi et al. (1970) observed that lo-

cal administration of antihistamines causes disruption of the endometrial
cellular integrity, which suggests that the effects of these compounds
on inhibiting the decidual cell response are not exclusively on
histamine.

Another argument against histamine as an inductive agent

of the DCR is that several substances which are not antihistamines
can prevent the response by inhibiting increases in vascular
permeability (Psychoyos, 1973).

Enders and Given (1977) suggested

that on a theoretical basis, histamine would not be a likely
inducing agent for decidualization unless it were produced by
the blastocyst; at present there is no evidence for this.

Furthermore,

Lundqvist and Ljungkvist (1977) have shown that stromal edema is
present before the pontamine blue reaction (a test for increased
vascular permeability) occurs.

They suggested that the blue reaction

does not occur until some vascular leakage has occurred; if this
is so these vascular changes differ considerably in rate from those
caused by histamine.
A third possibility is that proteolytic enzymes or proteins
may be acting on the uterine surface (Enders and Given, 1977).
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For example, trypsin has been shown to induce the DCR (DeFeo, 1967).
on the other hand, serum or plasma introduced into the uterine lumen
give a minimal response which is like that when saline is injected
into the uterus (Finn and Keen, 1962a).
Non specific stimuli such as air can also act as decidualizing
agents (Orsini, 1963), depending upon the concentration of carbon
dioxide.

Thus it has been suggested that carbon dioxide produced

by the blastocyst may be a triggering agent for the DCR (McLaren,
1970).

Other physiologic agents have also been shown to produce

the DCR.

They include bradykinin, sodium bicarbonate (DeFeo, 1963),

and prostaglandins (Sananes

~

al., 1976a).

Another hypothesis is that decidualization may result from tissue
injury (Enders and Given, 1977).

It has, for example, been shown that

a traumatic stimulus administered directly to the stroma can cause a
DCR.

Indirect evidence supporting this concept is that scratching the

uterus provides a stimulus.

The disturbance of the stroma subjacent

to the uterine epithelium caused by trauma may provide a stimulus, the
duration of which may be longer than that of application of an
intraluminal fluid.

Thus the response is greater and can be attained

over a longer period of time.

This suggests that substances may be

produced by the uterus over an extended period of time.

Traumatic

stimuli do not act at the same site as the blastocyst, since damage
to the uterus is different from contact with the blastocyst.
Scratching the horn will directly stimulate the stromal cells (Enders
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and Given, 1977).

Thus substances produced by the stromal cells may

be the source of the response (Lundqvist and Ljungqvist, 1977).
Much knowledge has been collected since Loeb (1907, 1908) began
his first studies on the decidual cell reaction.

It can be clearly seen

that despite numerous attempts, no one mechanism has yet been identified
as being responsible for the induction of the decidual cell response.
Thus it remains to be shown whether the effects of the controversial
vasoactive compounds suggested by Shelesnyak (1959) or other
vasoactive substances may play a role in the reaction.

Recent

discoveries in biochemical research have identified an interesting
group of compounds which have specific actions on the vascular system
and which are ubiquitous in mammalian cells.

These compounds are

substances whose synthesis is prevented by antiinflammatory agents.
The remainder of the review of the literature will discuss this group
of compounds which are known as prostaglandins.

REVIEW OF THE LITERATURE II
PROSTAGLANDINS
I.

PROSTAGLANDINS IN GENERAL
A.

EARLY HISTORY

The history of prostaglandins began in the early 1900's when
crude extracts of hull's prostate glands were observed to increase
blood pressure dramatically (Japelli and Scafa, 1906, cited in
Cuthert, 1973); corresponding extracts of humans diminished it
(Battes and Boulet, 1913, cited in Cuthert, 1973).

Subsequent

investigations of fluid from human prostates showed constituents
which either stimulated or depressed uterine motility, depending
on the state of the uterus (Kurzrok and Lieb, 1930).

Smooth

muscle activity was most responsive to such stimulation (Goldblatt,
1933, 1935; von Euler, 1934, cited in Caton, 1973; 1935).

von Euler's

preparations contained numerous natural biologically active
substances including certain polyunsaturated hydroxyl fatty acids
which he called prostaglandins.

The two most important effects

attributed to these prostaglandins were to decrease arterial blood
pressure, and to increase smooth muscle activity.

B•

CHEMICAL COMPOS IT ION

The basic structure of prostaglandins is that of a cyclopentane
ring with two carbon side chains adjacent to one another; one of
these carries a carbonyl group at the terminal position.
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Diagram 1. Structural configuration of prostanoic acid and 4
important prostaglandins. Modified from Caton IN
The Prostaglandins, M.F. Cuthert, Ed., 1973.
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naturally occurring members of the family are considered to be
derivatives of prostanoic acid.

E, F, A, and B, all of which have a trans double bond

groups:
at

They are segregated into four

c13 , 14

and a hydroxyl group at

c

15

(diagram 1).

The six major

prostaglandins are the E and F components, which have another hydroxyl
group at

c11 .

They are distinct from one another in that the E

series has a carbonyl function at
group in this position.

c9 ;

the F series has a hydroxyl

The A and B series are dehydration

products of the E and F series, having replaced the hydroxyl at

c11

with a double bond in the cyclopentane ring at ClO,ll

(Caton, 1973).

The A series are alpha and beta unsaturated ketones

which are unstable (Weinshenker and Anderson, 1973), which readily
rearrange under alkaline conditions to B forms with the ring's

c8 , 12

double bond between

(Caton, 1973).

The prostaglandins are designated with subscript 1, 2 or 3
depending upon the number of double bonds present (Pike, 1972).
Six major prostaglandins are PGE and PGF in the 1, 2, and 3
series.

All prostaglandins have several asymmetric centers which

are potential a or

a stereoisomers

(Caton, 1973), although in mammalian

tissues only one isomer of each type has been isolated (Weinshenker
and Anderson, 1973).
configuration of the

With the F series the term a or

c9

hydroxyl group, since

a

a denotes

the

compounds are

synthetic reduction products of theE prostaglandins (Caton, 1973).
Thus the structure of prostaglandin F a is that of a 20 carbon
2

34
carboxylic acid of molecular weight 356.5.

It has three hydroxyl

groups in the a position (c , c , and c ) and two double bonds
15
9
11
(C5 6 and cl3 14).

'

'

The commonly occuring prostaglandins can be obtained in three
ways:

direct tissue extraction, biochemical synthesis from precursors,

and chemical synthesis.

Although ubiquitous in mammalian tissues,

their concentrations are frequently low, making direct extraction
difficult or impractical.

A rich source of prostaglandin is the

gorgonian of the Caribbean Sea, Plexura homonella.

This coral

contains 15-epi prostaglandin, from which natural prostaglandins
are derived.

Chemical synthesis of prostaglandin provides

oxidation and cyclization of polyunsaturated fatty acids.

This

procedure yields E and F prostaglandins, as well as other
prostaglandin analogues (Pike, 1972).

C.

BIOLOGY OF THE PROSTAGLANDINS

In recent years much has been written on the synthesis, storage,
metabolism, and effects of the prostaglandins both in vivo and
in vitro (Karim, 1972; Southern, 1972).

Rapid progress

in research on 3' , 5' -AMP (cyclic AMP) has paralleled growing
knowledge of prostaglandins, and a search for interrelated mechanisms
between the two has been initiated.

Briefly it is known that

release of a circulating hormone (first messenger) causes activation
of the membrane bound adenyl cyclase system of the effector cell.
2
the presence of 5'-ATP and Mg + ions, the enzyme adenyl cyclase

In
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produces cyclic AMP (second messenger), which in turn activates protein
kinase and various physiologic responses, including production of
steroids (third messenger).
Recent investigations have suggested that prostaglandins may act
by changing intracellular levels of cyclic AMP.

In leukocytes and

platelets (Robison et al., 1969), thyroid tissues (Field et al., 1971)
and the corpus luteum (Marsh, 1970), prostaglandins stimulate
activity of adenyl cyclase, thereby increasing production of cyclic
AMP.

These and other findings have suggested that prostaglandins

mediate responses as variable as those attributed to cyclic AMP
(Pharris and Ramwell, 1972).
Most mammalian cells produce prostaglandins at the slightest
provocation (Piper and Vane, 1971), and the elaboration of these
substances is known to occur with stimulation of cells, such as
occurs with tissue injury (Ramwell and Shaw, 1970).

Their in-

activation is rapid, since 90% are metabolized by the lungs in the
first passage (Piper et al., 1970).

These compounds are not stored

in cells, but are produced only as they are needed (Bito, 1975).
Most prostaglandins are believed to be synthesized in the
microsomal fractions of the cytoplasm (Downing and Williams, 1977).
It is well known that prostaglandins are synthesized in many
mammalian reproductive organs (Nakano, 1973).

These organs include

the seminal vesicle, testes, prostate, uterus, and placenta.

The

reproductive functions which have been associated with prostaglandins
are numerous and include ejaculation, sperm activation, sperm

36
transport in the female, meiosis of the oocyte, lutein steroidogenesis,
luteolysis, transport of ova, menstruation, dysmenorrhea, spontaneous
abortion, labor, and cervical relaxation (Pharris and Ramwell, 1972).

II.

PROSTAGLANDINS AND THE DECIDUAL CELL RESPONSE
There is conflicting evidence concerning the hypothesis that

prostaglandins are inductive agents of the decidual cell response and
the majority of the available data suggests only indirectly that they
are involved in the reaction.

Experiments involving the role of

prostaglandins in implantation have provided some support for this
hypothesis.

For example, when pregnant rats are ovariectomized,

before nidation, PGF a can elicit the implantation reaction, either
2
in the presence or in the absence of estrogen (Oettel et al., 1979).
Indomethacin, an inhibitor of prostaglandin synthesis, terminates
pregnancy in mice if it is administered subcutaneously before
implantation.
of either PGF

This effect is reversed by the systemic administration
2a

or PGE

2

(Lau et al., 1973).
--

Similarly, implantation

in the mouse is inhibited by successive doses of indomethacin and this
effect can be counteracted by either histamine or PGF a (Saksena et al.,
2
1976).

These data are corroborated by the finding that systemic

administration of indomethacin inhibits fetal development in rabbits
if given before but not after the time of implantation (Hoffman, 1978).
Furthermore, when indomethacin is administered to rats and hamsters
on the day of implantation, the weights of implantation sites are
decreased and the length of pregnancy is increased, indicating that
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indomethacin can delay implantation.

Further indirect evidence that

prostaglandins are involved in implantation is provided by the work
of Dickman and Spilman (1975) who have shmvn that the blastocyst is
capable of synthesizing prostaglandins.

These data suggest that

prostaglandins are important to the implantation process, but provide
no direct evidence that they are important to decidualization.
Experiments testing the effect of indomethacin on uterine horn
weight provide support for the hypothesis that prostaglandins are
involved in decidualization.

In the adult rat when intraluminal

indomethacin is given 2 hours before or 8 hours after a decidualizing
stimulus, uterine horn weight is significantly less than if the
uterus is traumatized but receives no indomethacin (Tobert, 1976).
Similar findings have been reported in the immature rat (Sananes
1976b).

~

Indomethacin completely blocks the DCR if the stimulus for

decidualization is oil, but only a partial reduction is possible
if the stimulus is trauma (Jonsson et al., 1979).

It has been

suggested that the traumatic stimulus lasts beyond the time when
indomethacin blocks the synthetase enzyme for prostaglandins
(Rankin et al., 1979).
That prostaglandins are directly involved in the DCR was
suggested by Sananes et al. (1976a) who have shown that exogenous
administration of PGF

2a

into the uterus of progesterone prepared

immature rats causes a DCR.
or PGE

2

Plastic implants with either PGF a
2

are also capable of producing the response in rabbit uteri

al.,
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(Hoffman et al., 1977).

More recently it has been shown that levels

of PGEz are elevated at implantation sites in the rat, and that PGFza
levels are increased throughout the length of the uterine horns in
homogenates of whole uterus (Kennedy, 1979).
In contrast, however, a variety of experimental data argue against
prostaglandins as inductive agents in the decidual cell reaction.

In

intact rats, PGF2a prevents or terminates pregnancy when given during
the first and second trimester-of pregnancy (Gutknecht et al., 1969).
The most likely explanation for this is that PGF a causes decreased
2
production of progesterone by the corpus luteum, although the exact
mechanism is not known with certainty (Labsetwahr, 1972; Chatterjee,
1973).

Thus it might be argued that if PGFza were produced by the

uterus at nidation, it could cause disruption of the necessary
hormone supply to the uterus and thus terminate pregnancy rather than
potentiate it.
Equally contradictory evidence to the hypothesis is provided by
systemic PGF or PGE treatment of ovariectomized rats which have been
appropriately prepared with hormone.

In this case both of these

prostaglandins inhibit the decidual cell reaction (Castracane et al.,
1974).

Furthermore, at least one study has shown that intraluminal

PGF a reduces the number of implantation sites in rats (Batta and
2
Martini, 1975) and intravenous PGF a has been shown to be toxic to
2
fetuses (Persaud, 1974) perhaps due to the vasoconstrictive
Properties of this compound.

III.

PRODUCTION OF PROSTAGLANDINS BY THE UTERUS
Evidence that prostaglandins are produced de

has also been presented.

~

by the uterus

Because of relatively low amounts

(picogram or nanogram) of prostaglandin in tissues and because of the
relative insensitivity of tests for prostaglandins, levels of these
compounds are frequently reported as non-specific PGEs and PGFs and
are identified as such in this review.

Castracane and Jordan (1976)

and Castracane and Shaikh (1976) have measured PGFs in uterine venous
plasma and have found that they increase during pseudopregnancy
beginning on day 4; while PGEs remain constant, PGFs increase with
the duration of pseudopregnancy.

Weems~

al., (1975) and Weems

(1979) have also measured levels of prostaglandins.

These studies

revealed that PGF is consistently increased between days 4 and 6 of
pregnancy in uterine venous plasma as well as in uterine tissue.

The

increase in prostaglandin levels in the uterus caused by local trauma
have been shown to be immediate (within 5 minutes) (Jonsson et al.,
1979).

Jonsson~

al. (1979) compared PGE and PGF levels in oil

stimulated uteri and observed that this stimulus induced increases
of both PGEs and PGFs well above control levels within one hour; a
second peak in PGFs (but not PGEs) was observed at 2 hours.
It has also been shown that both PGE and PGF concentrations
are increased at implantation sites on the 5th day of pregnancy.
Both PGF

and PGE (specifically) are markedly elevated within 15
2a
2
minutes of a decidualizing stimulus on the 4th day of pseudopregnancy
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(Kennedy, 1979).
in the rat.

These levels remain increased for at least 2 hours

Similar increases have been measured in mouse uterine

tissues treated by the injection of oil or trauma (Rankin et al., 1979).
Confirmatory experiments show that the prostaglandin synthesizing
enzyme is markedly increased during the early decidual cell response
(Anteby

~

al., 1979).

Both estrogen and progesterone seem to be necessary for the
rise in prostaglandins in the uterus to occur in the ovariectomized
rat (Castracane and Jordan, 1975).

These responses to hormones have

been shown to be dose dependent; however estrogens are the predominant
steroid involved in the regulation of prostaglandin synthesis in the
rat uterus (Castracane and Jordan, 1976).

After estradiol injection,

the prostaglandin content of the uterus increases within one hour.
In parallel with these responses are the increases in uterine
phospholipids and water inhibition (Kogo

~

al., 1977).

Similarly,

estradiol causes an increase in intrauterine PGEs and PGFs; and the
ratio of PGE to PGF is low in the uterus but PGEs predominate in the
luminal fluid (Sharma and Garg, 1977).

It has been suggested that

the effects of nidatory estrogen may act through prostaglandin release
(Oettel

~

al., 1979).

The hyperemic effect of estrogen has been

directly linked to uterine PGF and PGE activity by Ryan et al. (1974)
since in their experiments the formation of uterine prostaglandin is
dependent upon estrogen.

These compounds can thereby exert their

effect by increasing blood supply to the uterus.

IV.

EFFECT OF PROSTAGLANDINS ON VASCULAR PERMEABILITY
Prostaglandins have also been closely linked to an increase in

vascular permeability which is associated with the decidual cell
response.

In prepubescent rats, indomethacin reduces vascular

permeability but injection of PGF a does not produce such a change
2
in the vessels.

When both PGE

2

and PGF a are given simultaneously
2

into the uterine lumen there is no increase in vascular permeability
and injection of PGF a alone also does not produce this response
2
(Kennedy, 1979).

Thus prostaglandins of theE series may be

mediators of the vascular permeability which occurs simultaneously
with the sensitization of the uterus (Kennedy, 1979).
(Kennedy, 1980a) suggest

Recent data

that effects of estrogen on vascular

permeability are related to the ability of the uterus to respond
to prostaglandins rather than on the ability of the uterus to
synthesize them.
Increased estrogen levels, as is seen at the nidatory surge
leads to an increase of both PGEs and PGFs (Castracane and Jordan,
1975).

This effect is inhibited by the anti-estrogenic compounds.

However, compounds which inhibit mRNA synthesis do not change this
effect.

This suggests that estrogen, which stimulates protein

synthesis, acts synergistically with prostaglandins to exert these
effects (Castracane and Jordan, 1976).
increases in cAMP

(Kuehl~

al., 1976).

Similarly estrogen causes
The cyclic nucleotides and

prostaglandins may both be involved simultaneously in the events
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surrounding decidualization, since cAMP inhibitors have been shown
to reduce both PGE and PGF levels in the uterus on days 5 and 6 of
pregnancy (Garg et al. , 1979).

Likewise, Carminati and Lerner (1974)
'

have shown that intravenous PGE causes increased levels of cAMP in
2
the estrogen treated ovariectomized rat.
Although data vary with the investigator and with the
experimental model, it has been firmly established that prostaglandin
synthesizing enzymes are present in the uterus, that prostaglandins
are synthesized de

~

in the uterus, that prostaglandins are present

at the time of decidualization as well as at the time of increased
endometrial vascular permeability.

Prostaglandins have been shown

to be present both in the uterus and in uterine venous plasma.
synthesis is inhibited in utero by indomethacin.

Their

Thus, evidence

mounts that prostaglandins are directly involved in decidualization.
Although the response of the uterus to physiological or
experimental stimuli appears to be controlled at least in some
measure by the synthesis and release of prostaglandins, no clear
evidence to date suggesting that either prostaglandin F a or E
2
2
has a direct inductive effect upon the decidual cell reaction has
been produced as yet.
Conclusions concerning either a direct or an indirect effect
of prostaglandins on the decidual cell response, cannot as yet be
drawn since reports of direct experiments on the early phases of the
response are not yet available.

Experiments involving appropriate
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controls with inhibition of prostaglandin synthesis, prostaglandin
synthesis and application of exogenous prostaglandin have also not
been reported.

STATEMENT OF PURPOSE

It is the purpose of the present investigation to provide
further information on the first question asked by Dr. Leopold Loeb
in 1908, that is:

What is the nature of the stimulus which gives

rise to decidualization?

To that end, the prostaglandins which may

be related to the DCR have been employed in the following
investigation.
The data provided in this work will attempt to answer three
general questions:

First, does either PGF2a or PGE2 play a direct

role in the induction of the decidual cell reaction?

Second, if

either PGF 2a or PGE 2 does produce such a response, is it the same
morphologically as that induced by local trauma?

Third, if such

a response is produced by PGF a or PGE , can it be reduced by the
2
2
inhibitory action of indomethacin?
There are a number of specific questions which this investigation
will attempt to answer.

First it will be determined whether the

DCR as measured by the weight of the uterus is affected by the local
application of either prostaglandin F2a or prostaglandin E2 .

A

second specific purpose is to determine whether a DCR, as identified
by light microscopy, is induced by either prostaglandin F a or E .
2
2
Third, it will be ascertained whether a decidual cell reaction
induced by either PGF a or PGE is comparable to that induced by a
2
2
physical stimulus.

In order to do this the DCR will be ranked on a
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O+ to 4+ scale, and the percent of cells in active mitosis in these
tissue sections will be determined.

A fourth specific purpose of this

work will be to analyse the tissues on a quantitative basis at the light
microscopic level by standard point counting methods to determine
whether changes in the endometrium which may have been induced by
prostaglandin are like those induced by local trauma.

Furthermore, it

will be rendered certain whether or not a decidual cell reaction
which is initiated by either prostaglandin F a or E is comparable
2
2
to that produced by physical stimulus when tissues are examined at
the electron microscopic level.

To this end, tissues will be

evaluated on a quantitative basis when a DCR has been induced by a
prostaglandin.
This work will also attempt to answer the question of whether
locally applied prostaglandin is capable of inducing a decidual cell
reaction even if endogenous prostaglandin production is inhibited by
a prostaglandin synthetase inhibitor, indomethacin.

Specifically,

the investigation will test whether the DCR, as measured by the weight
of the uterus is affected by the local application of both indomethacin
and prostaglandin.

It will also be determined whether a DCR, as

identified by light microscopy can be induced by prostaglandin when
indomethacin is present.

Another purpose of this portion of the

investigation is to determine whether such a decidual cell reaction,
if present, is comparable to that induced by local stimulus.
Criteria used will rank the reaction on a 0 to 4+ scale and
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mitotic indices of the tissues will be elevated.
~ill

This investigation

also determine whether or not a decidual cell reaction if it is

induced by prostaglandin in the presence of indomethacin resembles
that of a physical stimulus at the electron microscopic level.

MATERIALS AND METHODS
A.

GENERAL
A total of 121 barrier sustained female outbred albino rats which

had been delivered by Caeserian section were obtained from Charles River
Laboratories.

These animals were fed Purina rat chow #5012, given

distilled water ad libitum, and maintained on a 12 hour light/dark
schedule.

Care was consistent with the American Association of Live

Animal Science protocol.

1.

PRELIMINARY EXPERIMENTAL PROTOCOL

In preparation for the experiments, adult female Sprague-Dawley
rats were subjected to oophorectomy and salpingectomy under pentobarbital
(25-35 mg/kg) anesthesia.

Bilateral flank incisions were made

approximately 2 centimeters lateral to the dorsal midline at the lower
lateral margin of the thoracic cage.

The ovaries were removed together

with fallopian tubes which were ligated at the isthmus.

The incisions

were sutured with 000 silk and the animals were allowed to recover for
10 to 20 days.
carried out.

Subsequently, the following hormonal regimen was
Beginning at 0800 hours on day 1 and continuing through

day 6, 2.0 mg of progesterone delivered in 0.15ml of sesame oil were
administered subcutaneously.
received 0.2

~g

At 0800 hours on day 4 animals also

of estradiol 17S

delivered in 0.1 ml of sesame oil.

Estradiol and progesterone were obtained from the Sigma Chemical
Company.

Approximately one hour after treatment on day 4 the animals

underwent laparotomy under pentobarbital anesthesia and right uterine
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TABLE l
EXPERIMENTAL GROUPS AND SUBGROUPS
Blocks Examined
Group
Number
1

Experimental Purpose

Subgroups

To test the effect of
PGF 2a on the DCR

PBS
Scratch alone
PGF 2a
PGF2a + Scratch
Indomethacin
Indomethacin
+ Scratch
Sham operation

Number
of
Animals

Right
Horn

Left
Horn

12
8
9
7
6

120
51
45
52
49

72
28
28
28
27

10
6

44
36

22
25

2

To test the effect of
PGE 2 upon the DCR

PBS
Scratch
PGE2
PGE2 + Scratch

5
5
8
8

26
27
41
31

11
12
22
17

3

To test the effect of
PGF2a in the presence of
a prostaglandin synthesis
inhibitor, indomethacin

PBS and PBS*
PBS and Scratch*
Scratch and Scratch*
PGF2a alone*
Indomethacin and
Scratch*
Indomethacin and PGF 2a*

3
3
6
6

12
21
38
52

3
3
4
4

10
9

57
57

9
11
_p..

00

* In these experiments the two maneuvers were separated by an interval of 30 minutes.
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cornua were subjected to one of several experimental procedures.

In

all cases the left horn served as a control and remained untreated.

2.

EXPERIMENTAL GROUPS

The rats were divided into three main groups, each group being
used for a different experimental procedure (Table 1).

The purpose

of group 1, composed of 58 animals, was to test whether prostaglandin
F has an inductive effect upon the decidual cell reaction. A total
2a.
of 26 animals in group 2 were used to test the hypothesis that
prostaglandin E might play a role in the development of the decidual
2
cell reaction.

Group 3, composed of 37 animals, examined the

possibility that PGF a. can induce the decidual cell response even in
2
the presence of a prostaglandin synthesis inhibitor.

Each of the

main groups was subdivided into a number of smaller groups which
underwent different surgical manipulations, including the application
of different chemical substances.

All uteri were evaluated for the

presence of decidualization by measurement of weight changes and by
histological examination.

a.

Group 1

Seven different maneuvers were utilized in the experiments of
group 1.

(1)

The intrauterine application of phosphate buffered

saline served as a negative control, since little or no
decidualization would be expected in the endometrium.

(2)

Local

trauma to the endometrium with a blunt hypodermic needle (scratch),
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served as physical stimulus to the uterus which is known to induce a
DCR.

(3)

Application of prostaglandin F a to the lumen of the uterus
2

was designed to test whether or not it had a direct effect upon the
formation of decidua.

(4)

The application of prostaglandin F a
2

together with scratch was designed to test whether this compound might
have an additive or inhibitory effect in the presence of a physical
stimulus.

(5)

The application of indomethacin to the uterus was

intended to show whether or not this prostaglandin synthetase inhibitor
was capable of inducing the decidual cell response.

(6)

The

application of indomethacin in the presence of scratching was designed
to demonstrate whether or not this compound was capable of completely
or partially preventing a decidual cell response induced by physical
trauma.

(7)

In sham operations, the operative procedures were carried

out but the endometrium was not stimulated and so decidualization was
not expected to be present in these tissues.

b.

Group 2

In group 2, four different experimental maneuvers were used to
ascertain whether or not PGE
the DCR.

(1)

2

had a direct effect on the induction of

The intrauterine application of phosphate buffered

saline served as a negative control and little or no DCR was anticipated
in these tissues.

(2)

Local trauma to the uterus served as a positive

control since a DCR would be expected to occur in the endometrium.
(3)

Application of prostaglandin E to the lumen of the uterus was
2
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designed to test whether or not it had a direct effect on the formation
of the DCR.

(4)

PGE

2

with scratch was designed to test whether this

compound might have either a stimulatory or an inhibitory effect upon
the reaction.

c.

Group 3

The rationale of this experiment was to test whether or not
exogenous

2

PGF ~

could induce a DCR even in the presence of indomethacin,

a prostaglandin synthesis inhibitor.

Two manipulations separated by

a 30 minute interval were required for this procedure.

Six experimental

models which included 4 appropriate controls were used.

(1)

Phosphate

buffered saline, when introduced twice into the uterus served as a
negative control.

(2)

The application of buffered saline followed

30 minutes later by scratch, tested whether an additive or an inhibitory
effect might be induced by the double manipulation to the uterus.
(3)

Scratch followed by a second scratch 30 minutes later was expected

to result in a maximum response.

(4)

Addition of

PGF ~

2 with no

subsequent application or manipulation tested the direct effect of
the drug upon the endometrium.

(5)

The application of indomethacin

followed thirty minutes later by scratch tested whether indomethacin
partially or completely inhibited decidualization.
indomethacin followed 30 minutes later by

2

PGF ~

(6)

Application of

was designed to test

whether this exogenous prostaglandin could induce a decidual cell
response in the absence of most endogenous prostaglandins.
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Data from each of the three main groups were subjected to
qualitative and quantitative evaluation.

Data from group 1 were used

to derive morphometric including stereologic data.

Since such data

are not published in the literature, this study represents the first
quantitative morphometric evaluation of the decidual cell response.

B.

EXPERIMENTAL PROCEDURES
1.

EXPERIMENTAL MANIPULATION OF THE UTERUS

On the 4th day of the experiment, uteri were exposed through an
anterior midline incision in clean but not sterile conditions.

Each of

the right cornua were subjected to one of several experimental
procedures (Table 1).

In each case the utero-cervical junction was

isolated and retracted slightly from the abdominal cavity.

When

substances were administered into the uterine lumen the right
utero-cervical junction was isolated and a 22 gauge needle was inserted
into the right horn as far as the isthmus; substances were injected
over approximately 1 minute as the needle was slowly withdrawn.
In each case the total volume injected was 50

~1.

Gentle traction with

the ligature at the utero-cervical junction prevented back-flow of
solutions.
The technique of scratch involved local trauma to the
antimesometrial aspect of the endometrial surface of the cornua with
a barbed 22 gauge needle.

In sham experiments, animals underwent

laparotomy and manipulation of the right utero-cervical junction, but
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no needle was introduced into the uterine lumen.

In groups 1 and 2 when

uteri were treated with both scratch and substances, the trauma was
induced first and the needle bevel maintained at the point of puncture
until a second 22 gauge needle was introduced into the same place.

The

second treatment was administered immediately.
In group 3 where two solutions were introduced into the uterus,
separate needles were used for each injection.

A loose ligature was

maintained at the right utero-cervical junction during the thirty
minute interval so that the horn could again be isolated with minimal
trauma to the tissues.
Following all surgical maneuvers, the uterine horns were gently
replaced into the abdominal cavity, the incisions were sutured with
000 silk and the animals were allowed to recover.

2.

SOLUTION PREPARATION

Solutions for these experiments were prepared as suggested by the
manufacturer.
2

~g/pl

Prostaglandin F a was prepared in a concentration of
2

(Making a total dose of 100 pg/50 vl) in phosphate buffered saline

(pH=7.4) 16-24 hours before administration.

PGE

2

was also prepared in a

concentration of 2 pg/pl (making a total dose of 100

~g/50 ~1)

no more

than 16 hours before the experiment, and usually immediately preceding it.
Indomethacin was prepared 16-24 hours before use by dissolving stock solutions in absolute alcohol and diluting with PBS 1:100 such that a final
concentration of 0.5
tained.

~g/vl

(making a total dose of 25 vg/50 vl) was ob0

The above solutions were stored at 4 C before use.

Prostaglandin
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F a-tromethamine salt and prostaglandin E were kindly donated by
2
2
Dr. J.E. Pike of the Upjohn Company.

Indomethacin was obtained from

Sigma Chemical Company.

3.

MEASUREMENT OF UTERINE WEIGHT

On the 6th day, approximately one hour after the last dose of
progesterone was administered, animals were anesthetized using sodium
pentobarbital (25-35 mg/kg).

Right and left uterine horns were

removed separately, trimmed of adipose tissue and weighed.
242 horns were weighed.

A total of

Wet weights were ascertained by taring vials

containing 4% glutaraldehyde (Polysciences) in Millonig's phosphate
buffer (pH=7.4, 340 mOsm.) on a Mettler balance.

The whole cornua were

placed into vials immediately after they had been removed and trimmed
and the vial weights were measured.

The difference between the final

weight and the tare weight was considered to be the uterine horn weight.

4.

TISSUE PREPARATION

Cornua were cut transversely into 0.5 x 2.0 mm pieces such that
each specimen contained epithelium, underlying stroma, myometrium,
and perimetrium.

A minimum of 10 blocks for each experimental horn

and 6 blocks for each control horn were obtained.
1912 tissues were processed in this fashion.

Thus a total of

Specimens were immersed

into glutaraldehyde for three hours and post-fixed in 1% osmium
tetroxide (Polyscience) in Millonig's phosphate buffer for one hour.
A graded alcohol and propylene oxide series served as the dehydrant.
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Tissues were embedded in Epon 812 (Ladd Research Laboratories) and
placed into an oven for polymerization.

Sections 1 micron thick were

cut at right angles to the longitudinal axis of the uterus on a
Reichert ultramicrotome and stained in 1% toluidine blue in 1% borax.
Tissues not properly oriented were excluded from the study.

A total of

385 blocks in the experimental groups, and 145 blocks from the control
groups were evaluated in group 1.

A total of 125 blocks from experimental

and 62 from control animals were observed in group 2.

In group 3,

237 experimental and 34 control blocks were examined.

Therefore of the

1912 tissues processed, 988 were judged to be properly oriented and were
evaluated in this work.

Thin sections were stained with uranyl acetate

and lead citrate before examination in an RCA-EMU 3F electron microscope.

C.

QUANTITATIVE PROCEDURES
Quantitative assessment of the decidual cell reaction was carried

out on each of the three main groups by measurement of uterine weights and
by examination of sections at both the light and electron microscopic

levels.

1.

UTERINE WEIGHTS

The extent of the DCR was estimated by comparing the weight of the
right uterine horn to that of the left in each animal.

Assessment was

also made by comparing the weights of the horns in each of the
experimental subgroups to those of the other groups.
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2.

EVALUATION OF THE DECIDUAL CELL REACTION BY LIGHT MICROSCOPY

The stroma subjacent to the uterine epithelium was assessed
subjectively and graded on a 0+ to 4+ scale.

When no decidual cell

reaction (DCR) was observed, a rating of 0+ was assigned.

A rank of

4+ indicated that there was decidualization from the epithelial basement
membrane to the myometrium, except for a thin layer subjacent to the
myometrium which was unaffected by the DCR.

A decidual cell was judged

to be any cell in the uterine stroma which was hypertrophic in comparison
to control or surrounding fibroblasts, and which possessed a prominent
nucleolus, a vesicular nucleus, and a nuclear cytoplasmic ratio of about
1:1.

In an attempt to make these data less subjective, 385 slides from

group 1 and 157 slides from group 3 were subjected to analysis under
conditions of "blind" selection.

3.

EVALUATION OF THE MITOTIC INDEX OF DECIDUALIZED CELLS

Mitotic activity in group 1 tissues was calculated by counting
the number of cells which were in active cell division per 100 stromal
cells.

Data from a minimum of 500 cells per tissue section were

counted.

4.

A total of 60 sections were evaluated for this study.

MORPHOMETRY OF DECIDUALIZED CELLS
a.

Light Microscopy

Morphometric techniques were used to compare the extent of the
decidual cell reaction in tissues from group 1.

Randomly selected

sections from phosphate buffered saline, sham treated, PGF a-treated,
2
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and scratched uteri were evaluated.

In PGF a and scratch-treated
2

tissues, only those sections which displayed a 3 or 4+ decidual cell
reaction were used.

This bias was introduced so that the maximum effect

of the different treatment regimens could be compared.
For morphometry, 60 photographs were taken at a fixed magnification
of 250X.

No two sections were taken from the same tissue block.

The

number of points overlying fibroblasts, decidual cells, vessels, glands,
epithelium, and interstitium was determined by standard point-counting
methods using a coherent square lattice containing 100 points.

The

rationale behind this procedure was to determine the extent of
decidualization and edema formation in decidualized tissues.
b.

Electron Microscopy

Morphometric techniques were used to compare the activity and size
of decidualized cells at the electron microscopic level from
scratch-treated, and PGF a-treated tissues in group 1.
2
sections ranked 3 or 4+ were used for this study.
photographed at a magnification of 5245X.

Again, only

136 cells were

In each section the first

5 cells, immediately subjacent to the uterine epithelium, which filled

a standard frame were photographed.

When 5 cells could not be readily

identified from one grid, a second grid was used such that the same
cell was not counted twice.

Point and intersection points were

determined by using a coherent square lattice containing 100 points
and separated by 15 mm.

For each cell the volume density of the Golgi

apparatus, rough endoplasmic reticulum, and mitochondria were determined.
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(V ) was ca 1 cu1 ate d us1ng
.
.
V = p 1,
. wh ere
.
Vo 1ume d ens1ty
t h e equat1on
v
v -PT
P. equals the number of points falling within a particular structure,
~

and where PT equals the total number of points over the non-nuclear
cytoplasm.

Surface density (5v) of Golgi apparatus and rough endoplasmic

reticulum was determined using the equation S =4.
v

Ii

~P----Z~

, where I. equals
1

T

the number of

ti~es

on the lattice.
nuclear

a particular structural intersects a 15 mm line

PT equals the total number of points over the non-

cytoplas~,

and Z equals the line length divided by the print

magnification.

5.

EVALUATION OF EPITHELIAL CELL HEIGHT

The height of 457 cells in group 2 were measured with an ocular
micrometer.

Cell height was evaluated from the basement membrane to

the apex of the cell in random sections; only cells which were
apparently cut in a truly longitudinal plane of section were evaluated.

D.

STATISTICAL ANALYSIS
For most of the data, the mean, standard deviation, and standard

error of the mean were calculated and where appropriate Student's

! test was used to determine the statistical significance between
groups of comparable data.
appropriate.

Paired and unpaired tests were used as

RESULTS
GENERAL
Within the range of animals tested in the present study, no
correlation could be found between body weight and uterine weight
(figure 1).

However there was a positive correlation between the

test and the control cornua in sham operated animals (figure 2).
It has been shown previously that increases in uterine horn weight
reflect the extent of the DCR (Rothchild et al., 1940; Shelesnyak,
1957).

Since weights of the test cornua were similar to those of

the control horns in sham operated animals, it can be assumed that
an increase in the weights of test horns is indicative of the extent
of decidualization in uteri which received experimental manipulations.
In all cases where sampling distributions are calculated in this study,
they have been statistically evaluated as the standard error of the mean.
I.

Group 1

A.

UTERINE WEIGHT

The 58 animals used in group 1 had a mean weight of 293+7 g.
The average weights of right and left cornua in the different
subgroups is shown in figure 3.

The weights of the left cornua

in all groups (84.6+3.7 mg) were comparable to the right cornua
in sham groups (83.08+19.8 mg).

The weights of saline treated

cornua were somewhat higher, but not significantly so.

In contrast,

there was a significant (p < .001) increase in weights in the
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Figure 1
Correlation of total body weight and control uterine horn
weight of 121 female rats used in this study. Within the
range of animals tested, no relationship could be found
between body weight and uterine horn weight.
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Figure 2
Relationship between test horn weight and control horn weight
in sham operated animals. There was a positive correlation
between test and control cornua weights in this group of
animals. The correlation coefficient showed a significant
slope at a level of p < .01, where rn=0.82, and the y intercept = 23.2.
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Figure 3

Uterine horn weights from each of 7 subgroups in group 1.
Left column in each group represents left (control) horn;
right column represents experimental horn. There was no
significant difference (mean+ S.E.M.) between horn weights
treated with scratch, PGF , or PGF
with scratch (*).
2
The weights of cornua trea~ed
with 21~domethacin or indomethacin
and scratch were not significantly different from those
treated with PBS, sham operation, or control horns from all
experimental subgroups.

65

CORNUA WEIGHT IN MILLIGRAMS
-

N

0

~

0

•

0

~

0

m 0~ 0m 0~

0

o0

=

-f
.:0
fT1

!i~
fT1

z

-f

*

66
right cornua of all animals treated with PGF2a alone (144+12.7 mg),
pGF a with scratch (146+28.0 mg) and scratch alone (162±12.7 mg).
2
Differences among those three groups were not significant.

The

weights of the cornua treated with indomethacin (99.8+7.7 mg) and
those treated with indomethacin and scratch (107±33.8 mg) were not
significantly different from the control horns of those 2 groups.
Although the weights of cornua treated with indomethacin and scratch
were considerably lower than for those treated with scratch alone
the difference was not significant because of the comparatively
large standard deviations.

B.

EVALUATION OF THE DECIDUAL CELL REACTION BY LIGHT MICROSCOPY
(Group 1)
(1)

HISTOLOGY

Sham operated tissues (figure 4) and left uterine horns showed
little or no decidual cell reaction.

Cells located beneath the

uterine epithelium appeared to be typical fibroblasts surrounded
by bundles of collagen.
the uterine stroma.

They were uniformly dispersed throughout

Occasional specimens treated with saline,

indomethacin, and indomethacin with scratch showed a mild DCR
(figures 5, 6 and 7).

In tissues treated with indomethacin,

eosinophils were frequently present.
In most cornua subjected to scratch, regions in the
antimesometrial area displayed a decidual cell reaction which could
be clearly distinguished at the light microscopic level.

In contrast
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Figure 4
Light micrograph of endometrium treated with sham operation in
group 1. Epithelium is tall columnar. Subjacent stroma
possesses cells which appear to be typical fibroblasts
surrounded by bundles of collagen. x 400.
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Figure 5
Light micrograph of endometrium treated by local application
of PBS in group 1. Epithelial cells are tall columnar in
conformation. Stromal cells are fibroblast-like and are
surrounded by collagen. x 400.
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Figure 6
Light micrograph of transverse section from endometrium treated
with indomethacin in group 1. Epithelium is columnar in
conformation. Stromal cells appear to be typical fibroblasts.
X 400.
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Figure 7
Light micrograph from specimen treated with indomethacin and
scratch in group 1. Epithelium has been sectioned somewhat
obliquely, but is generally tall columnar. Subjacent stroma
cells show cells which are slightly hypertrophic, but
endometrium generally resembles that of sham treated controls.
X 400.
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to control tissues, stromal cells subjacent to the uterine epithelium
were larger and more rounded than fibroblasts, and possessed abundant
cytoplasmic processes.

The nuclei were also larger and had

prominent nucleoli; mitotic figures were frequently observed
(figure 8).

In some specimens there was interstitial edema and an

apparent decrease in the amount of collagen when compared to saline
treated controls.
The light microscopic morphology of tissues treated with PGF a
2
with or without scratch resembled that of tissues treated with
scratch alone (figures 9 and 10).

Characteristically, these sections

contained large rounded cells with abundant cytoplasm, vesicular
nuclei, and one or two prominent nucleoli.

In some areas immediately

subjacent to the epithelium, hypertrophic cells were tightly packed,
while in other areas the decidualizing cells were seen to be
separated by interstitial edema.

(2)

RANKING OF THE DECIDUAL CELL REACTION

433 toluidine blue sections (test and control cornua)
were evaluated for the presence of the decidual cell reaction.

These

specimens were ranked on a 0+ to 4+ scale using a blind study on all
the experimental tissues (357 sections).

The percentages of blocks

in each of the groups is shown in figure 11.

Whereas 52% of the

blocks in the PBS treated specimens were in the 0+ range, only 8.8%
were in this rank in the PGF a-treated specimens.
2

Conversely, 13.5%
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Figure 8
Light micrograph of endometrium from scratch treated uterine
cornu in group 1. Stromal cells subjacent to epithelium
demonstrate large nuclei with prominent nucleoli and irregular
cytoplasmic processes. Cytoplasmic volume is increased
as compared to figures 4 and 5. A mitotic figure is present
in the edematous interstitium. Epithelium is cuboidal in
conformation. x400.
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Figure 9
Light micrograph of PGFz~ treated endometrium from group
1. Stroma possesses cells with large nuclei, prominent
nucleoli, and irregular cytoplasmic processes. The cells
resemble those of cornua subjected to local trauma. x400.
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Figure 10
Light micrograph from endometrium treated with PGFza and
scratch in group 1 showing decidual cells subjacent to
the cuboidal cells of the uterine epithelium. The cells
are similar in appearance to those treated with scratch
alone. x 400.
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Figure 11
Histogram demonstrating the percentage of blocks in each of
4 ranks of the DCR in group 1. The majority of blocks which
showed an extensive decidual cell reaction were found in
groups treated either with PGFZa' or scratch with or without
PGFza·
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of blocks in the

2

PGF ~

group showed a 3+ or 4+ reaction, 6.6% of

blocks from the scratch treated cornua were in this category, and
all other control horns (including indomethacin and indomethacin
with scratch) had a mean of 1.85% of blocks in the 3+ or 4+ rank.
Figure 12 compares the mean data from each of the eight
subgroups.

Tissue sections were examined in two ways.

In the first

case, sections were evaluated directly; that is, it was known from
which of the groups the individual sections came.

In the second

case, sections were subjected to conditions of blind examination,
such that the experimental group from which any particular section
had come was not known.

The results of the direct study and the

blind study for each of the groups were averaged.

For the purpose

of discussion the mean values of the results of the direct and blind
studies will be used.
The difference between these groups seems unimpressive when
only the means are evaluated (figure 12).

The reason for this is that

not all blocks in any one cornua underwent decidualization.

For

instance, in the scratch treated uteri, the decidual cell reaction
was only seen on the antimesometrial aspect of the uterus, and it
decreased towards the mesometrial side.
observed in the

PGE ~

2

treated horns.

A similar tendency was

Thus some of the sections

showed a 0+ or 1+ reaction, even though the adjoining block of
tissue might show a 3+ or 4+ reaction.

The mean of the decidual

cell reaction appears low even for uteri which showed a strong

reaction because of those neighboring blocks which showed little or
no response.
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Figure 12
Histogram comparing the mean rank of decidual cell reactions in
each of the subgroups in group 1. Tissues were evaluated directly
such that the source of the section was known to the examiner
(left column in each of the sets of bars). Tissues were also
examined under conditions of blind examination (middle column
in each set of bars), such that the source of the tissue section
was not known to the examiner. Mean values of both of these
studies (right column in each of the sets of bars) demonstrate
that the highest ranks of the DCR were obtained in groups
treated with PGF , PGF, with scratch, and scratch alone.
2
Ranking data is p~esentea
as mean + S.E.M.
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The average ranking of the decidual cell reaction in sham cornua
and in all control horns was 0.23+.03 + and 0.19+.02 + respectively.
cornua treated with indomethacin and indomethacin with scratch showed
a slightly higher ranking - 0.81+.08 + 0.89+.09 + respectively.

The

highest was obtained in the groups treated by PGF2a (1.35!:_.13 +),
pGF

~

with scratch (1.33+.13 +) and scratch alone (1.39+.10 +).

-

-

There was no statistical difference among these latter three groups,
but all three were significantly higher than the saline, sham,
indomethacin, and indomethacin with scratch treated groups (p < .001)
(figure 13).

(3)

EVALUATION OF THE MITOTIC INDEX OF DECIDUALIZED
CELLS (Group 1)

Data on the mitotic index is presented in figure 14.

The

percentage of cells in mitosis in four of the groups- sham (0.2!:_.1%),
saline

(0.9~36%),

indomethacin (0.2!:_.13%), and indomethacin with

scratch (0.2i9.13%) was low and did not differ significantly among
the groups.

On the other hand tissues treated with scratch alone,

PGF a alone, and PGF a with scratch had significantly higher values,
2
2
being 4.7+1.01%, 4.7+.23% and 3.1+0.85% of cells in mitosis respectively
(p<.OOl).

(4)

MORPHOMETRY OF THE DECIDUAL CELL REACTION

Sixty photomicrographs of endometrial tissue were subjected to
quantitative analysis by a standard point counting procedure.

The

88

Figure 13
Histogram demonstrating significance levels of mean rank of
decidual cell reactions in group 1. Comparisons in each
case are made to the first column in each of the three
sets of bars. Significance levels are denoted above the
bars. There was no statistical significance between mean
rank of DCR in groups treated with PGFza, scratch, or PGFza
with scratch. All three of these groups were significantly
higher than saline, sham, indomethacin, and indomethacin
with scratch treated groups.
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Figure 14
Histogram demonstrating percent of cells in mitosis (mitotic
index) in each of 7 subgroups of group 1 (mean+ S.E.M.).
Tissues treated with scratch alone, PGF
alone, and PGF 2
2
with scratch had significantly higher le~el (p < .001) ora
cells in mitosis that the other groups examined.
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data are presented in table 2.

The percentage of endometrial tissue

occupied by decidual cells was low in sham (0) and saline (3.56±9.6)
treated tissues.

However, the percentage of endometrial tissue

occupied by decidual cells was significantly greater (p < .001) in
both scratch (44.4+4.57) and PGF a (49.21+7.36) treated horns.
2

The

percentage of glandular cells in sham treated horns (2.29+0.79) was
similar to that of saline treated horns (3.69+1.6); scratch (0.75±.55)
and PGF2 (0.71+0.49) treated tissue contained a smaller percentage
a
of glands.

Thus, the number of glands decreased with decidualization.

In contrast, the number or size of vessels increased from 1.75% (PBS)
to 2.75% (scratch) and 3.29% (PGF a).
2

The volume density of all cells

within the stroma (exclusive of vessels, leukocytes, or epithelium) was
also calculated for these four experimental groups.
values are also shown in table 2.

These fractional

The volume density was greatest in

the PGF a tissues (2.1) and scratch treated tissues (1.8), and least
2
in the PBS treated tissue (0.62).

Thus the tissue receiving PGF a
2

closely resembled scratch treated horns in terms of volume density of
all stromal cells, and the percentage of vessels, glands, and decidual
cells present:

both differed from PBS and sham operated specimens in

these parameters.

C.

EVALUATION OF THE DECIDUAL CELL REACTION BY ELECTRON MICROSCOPY
(1)

GENERAL

At the ultrastructural level, the stromal cells in the cornua of
PBS (figure 15), control, and sham treated animals were fusiform in shape.

TABLE 2

MORPHOMETRY!
LIGHT MICROSCOPY
PERCENT OF POINTS OVERLYING STRUCTURE

TISSUE
EPITHELIUM

GLAND

VESSEL

INTERSTITIUM

PBS

2.19+0.83

5. 63+1. 63

3 .69+1. 60

1. 75+0. 80
-

56.5+4.16

31.8+3.5

SHAM

1. 00+0.36

5. 36+1. 91

2.29+0.79
-

1. 7+0
.37
-

53.29+2.71

33.93+2.85

SCRATCH

0.68+0.30

2. 69+1. 39

0.75+0.55

*
2.75+0.55
-

33. 25+2.
- 93

PGF 2a.

0.64+0.57

2 .64+1.69

o. 71+0.49

3.29+0.66 *

29. 64+3. 89 *II

1
*
11

DECIDUAL
CELL

FIBROBLAST

LUMEN

3.56+0.69

-

11

15.44+2.54*
13. 57+2. 9/

0
11

11

44.44+4.5/

11

49. 21+7. 36 *II

60 tissue sections
significant (p < 0.001) when compared to the sham group
significant (p < 0.001) when compared to the PBS group

\0
w
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Figure 15
Electron micrograph of fusiform cells from PBS treated
tissue in group 1, which resemble fibroblasts. Nuclei
(N) possess heterochromatin. Cytoplasm contains occasional
mitochondria (M) and stacked rough endoplasmic reticulum.
X 13,300.
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They had elliptically shaped nuclei which were smoothly contoured with
some heterochromatin.
nucleus.

A small Golgi apparatus was seen adjacent to the

Also present were slender mitochondria and occasional profiles

of rough endoplasmic reticulum.

Tissues treated with indomethacin

(figure 16) or indomethacin with scratch (figure 17) resembled the saline
treated specimens, except that there were more lysosome-like bodies
present in the cytoplasm of cells treated with indomethacin.
Cells from the stroma of uteri treated with scratch revealed
a morphology which was typical of the decidual cell response
(figure 18). They were hypertrophic and occasionally binucleated;
the nuclei contained one or two nucleoli.
which were elongated or ellipsoid.

There were many mitochondria

The rough endoplasmic reticulum

possessed slightly dilated cisternae.

Polyribosomes were abundant and

could sometimes be seen in close association with the rough endoplasmic
reticulum.

Specialized junctions which could best be described as penta-

laminar were observed between cells.

Pentalaminar junctions had the

appearance of gap junctions or tight junctions, but a distinction could
not be made between the two.
cell membranes,

They represent the apposition of adjacent

Cells furthest from the lumen resembled fibroblasts,

having fewer processes and no cellular contacts.
Cornua treated with PGFza in general resembled the scratch
treated endometrium (figure 19).

The stromal cells displayed an

increase in the volume of perinuclear cytoplasm and in the number
of cytoplasmic processes when compared to saline treated tissue.
Numerous polyribosomes were also apparent, and were sometimes
associated with the rough endoplasmic reticulum, which was often
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Figure 16

Electron micrograph of stromal cells from uterus treated with
indomethacin in group 1 which generally resemble fibroblasts.
Nucleus (N) possesses heterochromatin; cytoplasm contains
mitochondria (M) with tubovesicular cristae. Endoplasmic
reticulum (arrow) possesses slightly dilated cisternae.
Interstitium contains numerous collagen bundles. x 13,300.

98

99

Figure 17

Electron micrograph from endometrium treated with indomethacin
and scratch (group 1). Nucleus (N) of epithelial cell is in
the abluminal position. Basal lamina (arrow) is continuous.
Subjacent stromal cells are slightly hypertrophic and possess
occasional mitochondria but generally are fibroblast-like in
nature. x 13,300.
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Figure 18
Micrograph of fine structure of a stromal cell from a scratch
treated cornu in group 1. Mitochondria (M) display
elongated or ellipsoid conformation with vesicular or
tubovesicular cristae. A Golgi zone (arrow) is subjacent
to the nucleus (N). The cytoplasm contains abundant
peripheral ribosomes. x 17,100.
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Figure 19

Micrographs of ultrastructure of cells from horn rece1v1ng
100 ~g of PGF
in group 1. A.) Low power micrograph
2
showing decidu~! cells with abundant perinuclear cytoplasm
and numerous cytoplasmic processes. Cells are infrequently
associated with collagen. x 2150. B.) Parts of 2 cells
from PGF
treated cornua. Mitochondria (M) are rounded
2
or ellips~id. Endoplasmic reticulum appears to be branched and
cisternae contain flocculant material. Numerous polyribosomes
are apparent which are sometimes associated with the rough
endoplasmic reticulum. x 23,162.
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markedly dilated and contained flocculant material.

Mitochondria

were numerous, large, and contained tubovesicular cristae.
Cellular junctions resembled those seen in tissue treated by
scratch.

(2)

QUANTITATIVE EVALUATION OF THE DECIDUAL CELLS

Morphometric evaluation of 136 sections revealed that the
stromal cells which responded to PGF a were similar to those
2
which responded to scratch.
in table 3.

The results of the study are presented

The results indicated that the morphology of the

decidual cells in the endometrium which had been exposed to PGF a
2
was comparable to that from the scratch treated positive controls.
The nuclear cytoplasmic ratio in scratch treated horns (0.58+.04)
was like that of PGF

2a

treated tissue (0.68+0.6) (p < .2).
-

Likewise

the volume densities of lipid granules were similar (.01+.003) for
scratched horns vs •• 01+.002 for PGF
-

2a

treated tissues, (p < .95).

Cells treated with PGF a appeared to be metabolically more active
2
than those from scratched horns.

For example, the surface density

of the Golgi apparatus was greater in PGF a treated horns (1.98+.35)
2
than in scratch treated horns (0.79±.13)

(p < .005).

Likewise the

volume densities of the Golgi zones were greater when PGF a was
2
applied to the uterine lumen (0.11+.03) than when the tissue was
treated by scratch (.01±.003) (p < .005).

Similarly the mitochondria

from PGF a treated horns had a significantly greater surface area
2
than those from scratched cornua (p < .005).

In addition, the volume
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TABLE 3
MORPHOMETRY AND STEREOLOGY
ELECTRON MICROSCOPY

CELL BY CELL

SCRATCH

PGF 2a

N=74

N=62

N/C RATIO

• 576.!_. o44

.682+.061

.2

GOLGI Vv

.014+.003

.114.!_.034

.005

GOLGI Sv

• 794:!.:..132

1.979+.348

.005

MITOCHONDRIA Vv

• o4o:::.. oo3

.097+.020

.005

RER Vv

.092.!_.010

.162.!_. 015

.001

RER Sv

4.21:!.:..254

6.49+.457

.001

LIPIDS Vv

.013+.003

.012+.002

.95
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density of the rough endoplasmic reticulum in PGF a treated horns
2
(0.16+.02) was greater than in scratch treated cornua (0.09+.01)
(p < .001); likewise the surface density of the rough endoplasmic
reticulum was also significantly greater in prostaglandin treated
horns (p
II.

<.001).

Group 2

A.

UTERINE WEIGHT

The mean body weight of 26 animals in group 2 was 270.1+3.7 mg.
The uterine weights in group 2 animals were lower that those of either
group 1 or group 3.

The most likely explanation for this is that

animals were ovariectomized when the mean body weight was approximately
150 g in group 2, whereas the animals in groups 1 and 3 were spayed
when their body weight was about 225 g.
Figure 20 demonstrates the changes in uterine weight in the
various experimental subgroups.

The PBS, PGE2 , and PGE2 with scratch

treated horns were somewhat greater than control horns in each of
the subgroups.

In contrast, the scratch treated horns were

significantly different from their own control horns as well as those
of the other three groups.

B.

EVALUATION OF THE DECIDUAL CELL REACTION BY LIGHT MICROSCOPY
(Group 2)

(1)

HISTOLOGY
(a)

Stroma

Occasional cornua which had been treated with saline displayed

108

Figure 20

Uterine horn weights (mean+ S.E.M.) from each of 4 experimental
subgroups in group 2. Left column in each group represents left
(control) horn. Right column represents experimental horn. There
was no significant difference between horn weight treated with
PBS or PGE2. Scratch treated horns were significantly different
(p < .02) from their own control horns and the other three groups.
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a slight decidual cell reaction, and thus were similar to those treated
with PBS in group 1.

In cornua subjected to scratching, regions in

the antimesometrial area displayed obvious decidualization similar to
that described for group 1.

Tissues treated with PGE

2

(figure 21)

contained some hypertrophic cells but in general they did not contain
cells displaying characteristics of the decidual cell reaction, such
as prominent nucleoli or abundant cytoplasm; interstitial edema was
observed in only a few tissue sections.

Thus the stroma of the

endometrium treated with prostaglandin E more closely resembled the
2
saline treated horns than the scratched horns.

(b)

Epithelium

The epithelium which was tall columnar in sections of both
saline and sham treated horns possessed dense, round inclusions at
both the basal and apical aspects.

The nuclei of the cells of this

epithelium were located in the lower one third of the cytoplasm when
seen in longitudinal section (figure 22).

The more cuboidal epithelium

of tissue treated with scratch also possessed inclusions which were
dispersed throughout the cytoplasm (figure 22).
the PGE

2

The epithelium of

treated cornua was tall columnar and possessed large numbers

of inclusions at the abluminal aspects of the cells (figure 22).

The

heavy concentration of this material made these cells appear taller
than those of saline treated horns; by light microscopy it was not
possible to determine the nature of these inclusions, which were densely
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Figure 21
Light micrograph of endometrium treated by local application
of PGE in group 2. Epithelial cells are tall columnar and
2
possess abundant cytoplasmic inclusions at their abluminal
aspects. Stromal cells are similar to saline treated
tissues. x 400.
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Figure 22
Light micrograph from toluidine blue section comparing sizes
of epithelial cells in group 2. A.) Cuboidal cells of
scratch treated endometrium. B.) Tall columnar cells of
saline treated specimen with a few darkly staining droplets
dispersed throughout the cytoplasm. C.) Columnar cells
which appear to be taller than those in A or B from endometrium
treated with PGE . x 850.
2
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staining and irregularly shaped when in clusters, but more round
when seen individually.

(c)

Measurement of the Epithelial Cell Height

The measurement of 481 epithelial cells, from apex to base,
are presented in figure 23.
mean height of

16.02+0.54~m.

Epithelium in scratched cornua had a
PBS-treated cells were

in height, while cells in tissues treated with PGE
(20.52+0.9~m).

controls and PGE

C.

2

18.54±0.3~m

were taller

This difference in cell heights between saline
2

epithelium was not statistically significant.

EVALUATION OF THE DECIDUAL CELL REACTION BY ELECTRON
MICROSCOPY
(1)

(Group 2)

Stroma

At the ultrastructural level, there was no apparent difference
in the morphology of the stromal cells from saline treated specimens
of groups 1 and 2.

Likewise the stromal cells from scratch treated

cornua of group 2 appeared to be like those of group 1.
Most of the cells in the uterine stroma treated with prostaglandin E were fusiform in shape and resembled fibroblasts (figure 24).
2
Occasional hypertrophic cells were seen, which usually contained
large cisternae that were either clear or contained cellular
degradation products.

In some cells, lysosomes and membranous

whorls were also observed.

The stroma from the PGE

2

treated
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Figure 23

Histogram demonstrating epithelial cell height (mean+ S.E.M.)
from experimental subgroups in group 2. Cells in PGE 2
treated tissue were taller than cells in both saline
and scratch treated specimens.
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Figure 23
Histogram demonstrating epithelial cell height from
experimental subgroups in group 2. Cells in PGE
treated tissue were taller than cells in both satine
and scratch treated specimens.
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horns did not possess cells which were typical of the decidual cell
response.
In the PGE

2

with scratch subgroup the stromal cells were

hypertrophic, possessed numerous polyribosomes, and abundant rough
endoplasmic reticulum; in these characteristics they were similar to
decidual cells of scratch treated cornua (figure 25).

However, lysosome-

like structures were also observed in the majority of these cells.
Frequently, large vacuoles which contained osmiophilic droplets,
clear membrane-bound cisternae, and membranous whorls could be
identified.
nucleus.

Occasionally a fibrillar material was seen near the

Although the morphology generally resembled that of the

positive control tissue (scratch), it appeared that PGE

2

had also

induced cellular changes which involved lysosomal production and/or
release.
(2)

Epithelium

The epithelium of saline treated cornua (figure 26) possessed
zonulae occludentes associated with desmosomes on the lateral borders
of most cells.

The nucleus of the epithelial cells possessed both

euchromatin and heterochromatin, the latter being frequently. associated
with the nuclear envelope; occasionally the outer membrane of the nucleus
was associated with ribosomes.

The rough endoplasmic reticulum sometimes

had dilated cisternae, but usually was in a stacked conformation.
Occasional lysosome-like structures
plasm.

were observed in the cyto-

Mitochondria with tubovesicular cristae were dispersed
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Figure 25
Electron micrograph from endometrium treated with 100 ~g of
PGE 2 and scratch in group 2. Cytoplasm is hypertrophic
and contains polyribosomes; rough endoplasmic reticulum
with dilated cisternae contains flocculant material.
Cytoplasmic inclusions containing degradation productions
of cellular material and large vacuoles with osmiophilic
droplets are present. x 11,400.
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Figure 26

Electron micrograph of columnar cells in PBS-treated
endometrium in group 2 show a moderate number of
osmiophilic granules which are presumably lipids (L).
They are dispersed both luminally and ablumnally.
Cells are joined by finger-like interdigitations
(arrow) and junctional complexes. Mitochondria and
rough endoplasmic reticulum are abundant. Nucleus is
in the abluminal position. x 6450.
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throughout the cytoplasm, both apically and basally, but were
particularly abundant close to the luminal cell surface.

Variable

numbers of cisternae were associated with the Golgi apparatus,
which was usually oriented in a supranuclear position.

Densely

staining osmiophilic droplets which were assumed to be lipids were
found in both distal and apical cytoplasm of the cells.

The

basal lamina of the epithelium was continuous and regular.
The cuboidal epithelial cells from scratched horns (figure
27) possessed nuclei which contained both euchromatin and heterochromatin, and a typical nuclear membrane.

The cells typically had

finger-like microvilli which did not possess an obvious glycocalyx.
Zonulae adherentes, zonulae occludentes, and desmosomes were
observed at their apical cell borders.

At various positions along

the cell membrane desmosomes were frequently observed, as were
interdigitations of finger-like processes of the plasmalemma.

The

epithelial cells contained stacked endoplasmic reticulum which
usually did not have dilated cisternae.

Lysosome-like structures,

membranous whorls, and mitochondria having either vesicular or tubavesicular cristae were observed both apically and basally.

A few

osmiophilic granules were dispersed evenly throughout the cytoplasm,
and were sometimes observed in close association with rough endoplasmic
reticulum.

A few cells in the scratch treated tissues displayed

signs of degeneration.

These included a pyknotic nucleus, dilated
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Figure 27
Electron micrograph of cuboidal epithelial cells from
cornua treated with scratch in group 2. A few
osmiophilic granules which are presumably lipid (L)
are present in the cytoplasm and mitochondria are
numerous. Cells are frequently joined by desomosomes
(arrow). Nucleus (N) contains both euchromatin and
heterochromatin. x 17,100.
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rough endoplasmic reticulum, and increased intercellular spaces.
The basal lamina of the epithelial cells in scratch treated tissues
was continuous and regular.
Tall columnar cells in specimens treated with PGE

2

(figure 28)

with or without scratching possessed abundant homogeneously staining
osmiophilic droplets at their basal aspects, which were assumed to be
lipids.

A few of the lipid granules

were also seen lateral to the

nucleus or in a supranuclear position, but there was an overwhelming
preponderance of these in the abluminal position.
were not membrane bound (figure 29).

Most of these lipids

The droplets were surrounded

either singly or in groups by a densely staining flocculent material,
which was granular in appearance, but which was not always associated
with the reticulum.

At high magnifications (figure 29), a membranous

material which did not have ribosomes attached to it was seen adjacent
to the lipids.

It was tentatively identified as smooth endoplasmic

reticulum, although the possibility of an exceedingly complex
interdigitation of the plasmalemma could not be ruled out.

In many

cells material which resembled glycogen was seen in close proximity
to these membranous structures.

The lateral basal cell membrane of

most cells was interdigitated with the neighboring cell by means
of numerous fingerlike processes.

Although cells in other treatment

subgroups also had an interdigitated plasmalemma the extent of the
membrane in the horns treated with PGE

2

appeared to be greater.

129

Figure 28
Electron micrograph of tall columnar cells in cornua treated
with PGE in group 2. Cells possess abundant osmiophilic
2
granules at their basal aspect which are presumably lipid (L).
Granules are surrounded by densely flocculant material (arrows).
Mitochondria and Golgi zones are abundant. Nucleus (N) contains
predominantly euchromatin and is located at approximately the
middle one-third of the cell. Adjacent cells are joined by
interdigitations of plasma membranes. x 4,950.

130

131

Figure 29
Electron micrograph of basal aspect of PGEz treated epithelium
in group 2. A.) Osmiophilic droplets which are probably
lipids (L) are surrounded by densely staining flocculant
material (arrow). Plasma membranes of adjacent cells are
interdigitated.
x 22,560. B.) Membranous material which
does not have ribosomes attached to it from area adjacent
to osmiophilic seen in A. Material resembling glycogen (arrow)
is seen in close proximity to the membranous structures.
X 47,260.
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Thus the epithelial cells from PGE

2

treated tissues more

closely resembled the saline treated epithelium than those from
scratch treated uteri.

Cells from undecidualized uteri were tall

columnar and possessed moderate numbers of osmiophilic droplets which
were dispersed throughout the cytoplasm, while cells from scratch
cornua displayed fewer osmiophilic droplets, were cuboidal, and
sometimes showed signs of degeneration.

The PGE

2

treated epithelial

cells were tall columnar and contained unusually large quantities
of osmiophilic and membranous material, and increases in other
organelles which are frequently associated with lipid synthesis.
These data seem to indicate that PGE

2

in some way altered lipid

metabolism and/or release.

III.

GROUP 3
A.

UTERINE WEIGHT

This experiment tested the effect of prostaglandin F2a in the
presence of a prostaglandin synthetase inhibitor (indomethacin).

The

procedure was characterized by double treatment with an interval of
30 minutes between application of substances.
The 37 animals in this group had a mean body weight of
329.~7.2

g.

Animals were divided into subgroups as shown in table 1.

The average weights of the right and left cornua in the different
subgroups is shown in figure 30.

The mean weights of all control

horns was 61.8+3.6 mg, and for horns treated twice with PBS was
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Figure 30

Uterine horn weight (mean + S.E.M.) from subgroups of group 3.
Weights of cornua treated with indomethacin and PGF
were
not significantly different from tissue treated wit~aPGF
alone or from tissue treated with scratch. Weights of ho~s
treated with indomethacin and scratch were comparable to those
of cornua treated by double application of saline (p < .8).
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88.3+7.2 mg.

PGF

2a

alone increased uterine weights (122.6+8.1 mg),
-

as did scratch before or after the addition of PBS (142+38.4 and
153.2+18.1 mg).

Specimens which were treated with indomethacin, to

inhibit prostaglandin synthesis, followed by PGF a weighed
2
111.8+10.9 mg.

This was not statistically significant from tissues

treated with PGF a alone, or from tissues treated with scratch alone.
2
On the other hand cornua which had been treated with indomethacin
followed by scratch weighed 90.9+6.6 mg, which was comparable to
cornua treated with a double application of saline (p < .8).

These

findings indicate that when exogenous PGF a is present the decidual
2
cell response is relatively unaffected by indomethacin, but that
when indomethacin inhibits the local synthesis of PGF a in the
2
absence of exogenous prostaglandin, the decidual cell reaction is
significantly reduced.

B.

EVALUATION OF THE DECIDUAL CELL REACTION BY LIGHT
MICROSCOPY (Group 3)
(1)

HISTOLOGY

Left uterine horns showed almost no decidual cell reaction and
were comparable to sham treated tissues in group 1.

Some specimens

treated twice with saline showed a mild decidualization comparable
to that of the PBS treated horns in group 1.

In most horns treated

with both scratch and saline, regardless of which was done first,
a decidual cell response was observed beneath the uterine epithelium.
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The stromal cells were similar to those in scratch treated horns
of group 1 in that they possessed hypertrophic cells with large
open faced nuclei and prominent nucleoli.
ratio was estimated to be less than 1.

Their nuclear cytoplasmic

Tissues treated with PGF a
2

resembled those treated similarly in group 1.
Some specimens which were exposed to indomethacin followed by
scratch displayed a mild decidual cell reaction (figure 31) which
was generally comparable to that of the saline treated horns.

The

decidual cell reaction induced by PGF a followed by indomethacin
2
(figure 32) was not different from that induced by PGF a alone, and
2
was generally typical in appearance.

A white cell infiltrate

was present in some of the indomethacin treated tissues; both
polymorphonucleocytes and eosinophils could be identified.

(2)

RANKING OF THE DECIDUAL CELL REACTION (Group 3)

A total of 157 toluidine blue 1 micron thick sections from
experimental horns treated with indomethacin and scratch or
indomethacin and PGF a were evaluated in two ways, as in group 1.
2
In the first case it was known from which of the groups the
individual sections had come.

In the second case, sections were

subjected to conditions of blind examination, such that the
experimental group from which any particular section had come was
not known.

A summary of the findings are presented in figure 33.
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Figure 31
Light micrograph of transverse section from endometrium
treated with indomethacin and local trauma in group 3.
Stromal cells displayed a mild decidual cell reaction.
X 400.
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Figure 32
Light micrograph of endometrium treated by local application
of indomethacin and PGFza in group 3. Stromal cells
demonstrated large nuclei with prominent nucleoli and
irregular cytoplasmic processes which are typical of the
decidual cell reaction. x 400.
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Figure 33

Histogram demonstrating ranking of decidual cell reaction in
specimens treated with either indomethacin with scratch or
indomethacin with PGFz . Tissues were examined directly such
that the source of theasection was known to the examiner (left
column in each of the sets of bars). Tissues were also examined
under conditions of blind analysis (middle column in each set
of bars), such that the source of the tissue section was not
known to the examiner. Mean values of both of these studies
(right column in each of the sets of bars) demonstrate that
tissue treated with indomethacin and PGFza had a significantly
higher rank of DCR.
The design of the test used to rank the
DCR included sections from all areas of the endometrium
(mesometrial and antimesometrial). Because the data in
figure 33 includes all blocks evaluated, the significance
level between specimens treated with indomethacin and scratch
and those treated with indomethacin and PGFza are low.
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Tissues treated with indomethacin and scratch had a mean decidual
cell reaction index of 1.2+.11 +.

This was significantly different

(p < .05) from that of tissues treated with indomethacin and PGF

2a

which had a mean rank of 1.50+.14 +.

(3)

EVALUATION OF THE MITOTIC INDICES OF DECIDUALIZED
CELLS (Group 3)

Tissue sections from indomethacin with PGF a and indomethacin
2
with scratch treated groups were evaluated for mitotic indices.

These

sections were divided according to their previous evaluation for the
DCR into each of 7 groups between the rank of 0.5+ and 3.5+.

The

percent of cells in mitosis in each of these 7 groups was then
determined.

These same sections were also subjected to a blind

analysis (figure 34).

These data indicated that in all cases the

number of cells which were actively dividing in each of the groups
was less in tissues treated with indomethacin with scratching than
in tissues treated with indomethacin and PGF a •
2

Furthermore, tissues

treated with indomethacin with PGF a (figure 33) had mitotic indices
2
which were similar to those of scratch treated horns in group 1
(figure 12), but which were greater than control tissues or tissues
treated with saline, indomethacin alone, or indomethacin with
scratch.

This suggests that endogenous PGF a is important to
2

decidualization in the pseudopregnant rat.

Although the data from

this aspect of the study are not statistically significant, they do
suggest a trend.

145

Figure 34

Histogram demonstrating percent of cells in mitosis (mean+ S.E.M.)
from each of 7 groups ranked for extent of DCR in group 3.- Tissues
were evaluated directly and by blind analysis; data shown is mean
values of direct and blind study. In all cases the number of
cells which were actively dividing in each of the groups was
greater in tissues treated with indomethacin and PGFza than in
tissues treated with indomethacin and scratch.
Sample number
is indicated above bar.

\.0

...::t
rl

~SCRATCH

-

~

10

z

9

~

8

...J

~

~
I-

~
a::

w
a..

4

I

(f)

en
~

PGF2~

7
6

5
4
3

2

0.5+

1.0 +

1.5+

MEAN RANK OF

2.0+
DECIDU~L

2.5+

3.0 +

CELL REACTION

3.5+

C.

EVALUATION OF THE DECIDUAL CELL REACTION BY ELECTRON
MICROSCOPY (Group 3)

The ultrastructure of stromal cells in PGF a treated tissues in
2
group 3 were comparable to those in similarly treated cornua in
group 1 (figure 35).

They were hypertrophic and occasionally

binucleated; their nuclei contained one or two nucleoli and numerous
polysomes could be seen peripherally.

Rough endoplasmic reticulum

possessed dilated cisternae which contained flocculent material.

The

sections of tissues treated with indomethacin and PGF a (figure 36) were
2
like those of PGF a treated specimens.
2
cells which contained one or two nuclei.

There were also hypertrophic
The rough endoplasmic

reticulum possessed cisternae which were slightly dilated, and
mitochondria which were elongated or ellipsoid were abundant in the
cytoplasm.

Polyribosomes were dispersed throughout the cytoplasm.

were often joined by pentalaminar junctions.

In general these cells

closely resembled those of scratch treated tissues in group 1,
except that the cytoplasm seemed to contain more lysosomes.
Cells in the stroma of tissues treated with indomethacin and
scratch (figure 37) more closely resembled fibroblasts than
decidual cells.

The cytoplasm of these cells contained endoplasmic

reticulum which was in a stacked conformation and cisternae were
generally not dilated.

A few polyribosomes were observed in the

cytoplasm; Golgi zones were usually located near the nucleus.

A

few cells were hypertrophic and lysosomes were occasionally seen in
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Cells
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Figure 35
Electron micrograph of decidual cell from stroma treated with
PGF
in group 3. Nucleus (N) is vesicular; cytoplasm is hypertrophic
2
and ~ontains numerous Golgi zones (arrow); mitochondria (M) are
rounded. Morphology is generally like cells in tissue treated with
PGF a in group 1. x 17,100.
2

149

150

Figure 36
Electron micrograph of parts of 2 decidual cells from endometrium
treated with indomethacin and PGF 2a in group 3. Nucleus (N)
is vesicular. Rough endoplasmic reticulum is dilated and
cisternae contain flocculant material. Cytoplasm contains
numerous polyribosomes. Mitochondria (M) and Golgi zones (arrow)
are abundant. Morphology generally resembles that of scratch
treated horns. x 17,100.
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Figure 37
Electron micrograph of endometrium treated with indomethacin
and scratch. Stromal cells contain nuclei (N) with both
euchromatin and heterochromatin. The shape of these cells
closely resembles that of PBS treated tissues. Collagen (Co)
is abundant in the interstitium. An endothelial cell (E)
is present adjacent to the lumen of a capillary. x 17,100.
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their cytoplasm.
tissues.

Cell to cell junctions were not abundant in these

In general, stroma from the cornua treated with indomethacin

followed by scratch resembled the endometrium which had not
decidualized.

Mast cells were observed in several of these sections.

DISCUSSION

I.

BRIEF SUMMARY
The decidual cell reaction is thought to be initiated by a

substance which is present when the luminal epithelium of the uterus
is exposed to either the implanting blastocyst or to an artificial
stimulus.

The precise identity of the inductive substance has not

yet been determined.

The prostaglandins are compounds that have a

number of properties which suggest that they may be involved in the
decidual cell reaction.

The present investigation has explored the

possibility that either prostaglandin F a or E may be factor(s) which
2
2
can directly initiate a decidual cell reaction.
The results strongly support the concept that prostaglandin F2a
causes a response which is comparable to that of the artificially
induced decidual cell reaction (scratch).

This is evident not only

from the weight changes in the uterine horns but also from the
tissue reactions and the mitotic indices observed at the light
microscopic level.

Morphometric analysis also revealed that the

amount of endometrial tissue occupied by decidual cells was similar
in scratch and PGF a treated tissues.
2

Tissue treated with indomethacin,

a prostaglandin synthesis inhibitor, and PGF a together also showed
2
a decidual cell response suggesting that PGF a is important to the
2
reaction.

The ultrastructural appearance of tissue treated with PGF 2a

closely resembled that of the scratch treated specimens.

Morphometric

analysis by standard point counting methods demonstrated that surface
155
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and volume densities of organelles in decidual cells exposed to PGF a
2
were similar to those subjected to local trauma.

However, it appeared

that the metabolic activity of decidual cells was greater in the PGF a
2
treated tissue.

No decidual cell response could be elicited by

intraluminal administration of PGE

2

as shown by a comparison of

uterine weights and by histological examination.

PGE

2

treated tissues

revealed stromal cells which failed to show characteristics of the DCR
and thus closely resembled fibroblasts.

PGE

2

did, however, appear to

alter the histological appearance of the luminal epithelium such that
material which was tentatively identified as lipid was sequestered at
the basal aspects of the cells.
Thus the data suggest that PGF a is capable of directly
2
inducing a decidual cell response when applied locally to the
hormonally prepared endometrium, even when endogenous prostaglandin
synthesis is inhibited.

PGE , on the other hand, was not found to
2

produce a decidual cell response in the appropriately prepared uterine
stroma.

II.

GENERAL CONCLUSIONS
The hormonally prepared endometrium when stimulated artificially

shows a maximal decidual cell response on the fourth day of
pseudopregnancy (Yochim and DeFeo, 1963).

One common means of

providing an artificial stimulus is to scratch the endometrium
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(DeFeo, 1963; 1967).

Although most workers only measured uterine

weight late in the decidual cell reaction (DeFeo, 1967), significant
increases do in fact occur by 72 hours after local trauma to the
endometrium of the mature hormonally prepared pseudopregnant rat
(Finn and Keen, 1963).

In the present investigation uterine wet

weight, measured 48 hours after local trauma on the fourth day, was
significantly greater than that of untreated horns.

This data is in

general agreement with the work of Finn and Keen (1963).

Scratch

of the endometrium on the fourth day of pseudopregnancy causes a
decidual cell reaction which is comparable to that of pregnancy when
examined at the light microscopic level (Velardo et al., 1953).

The

histological changes which occurred in the endometrium of the
traumatized uteri observed on day 6 of pseudopregnancy in this study
are in close agreement with those described by Velardo et al., (1953).
The decidual cells were hypertrophic, possessed numerous cytoplasmic
processess, and were occasionally binucleate.

Examination by

transmission electron microscopy of stromal cells from scratch
treated cornua has previously been performed (Jollie and Bencosme,
1965).

These investigations involved primarily the morphology of

decidual cells when the response was maximal (days 8 and 9).

The

morphology of the decidual cells examined at the electron microscopic
level in this study were comparable to those described by Jollie and
Bencosme (1965).

Such cells were characterized by abundant free

ribosomes, rough endoplasmic reticulum with dilated cisternae, and
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numerous Golgi zones and mitochondria.

The work presented here

represents a detailed examination of the morphology and morphometry
of decidual cells during the early stages (48 hours after trauma) of
their transformation from fibroblasts.

From this data it can be seen

that local trauma by scratch to the endometrium of the hormonally
prepared mature rat is a good model for examining the decidual cell
reaction during the early stages of the response.

The response can be

utilized as a good standard with which the effects of other substances,
locally applied to the endometrium during the early stages of
pseudopregnancy, can be compared.
Physiological saline has also been used as a control standard
with which to compare the decidual cell response induced by other
substances, since it provides minimal reaction in the uterus (Finn
and Keen, 1963).

Finn and Keen (1963) observed that some cellular

proliferation in saline treated tissues can be seen histologically
at the light microscopic level.

Studies at the electron

microscopic level on saline prepared tissues have not been reported.
The results of the data presented in this investigation provide
confirmatory evidence that phosphate buffered saline produced a mild
decidual cell response on the basis of minimal changes in the uterine
horn weight.

Evaluation of the extent of the decidual cell reaction

and mitotic indices of tissues at the light microscopic level
revealed cells which were comparable to untreated control horns.

The

weights of saline treated horns were not significantly different from
control (untreated) horns in these experiments.

These changes in
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weight are in agreement with the work of Sananes et al. (1976b) who
used PBS as a control which produced a minimal response in their
experimental model, the immature rat.
The mild reaction observed in saline treated tissues prompted
the introduction of a second control, sham operation.

In sham operation

the uterus was manipulated, but no needle was introduced into the
uterine lumen.

The wet weights of sham operated horns were comparable

to the contralateral horns in the same animal and were not statistically
different from saline treated tissues or control horns of other
experimental groups.

There was little or no decidual cell reaction in

sham operated tissues when they were examined histologically, nor was
the extent of the DCR or the mitotic index different from saline treated
tissues.

Thus the tissue treated by administration of phosphate buffered

saline showed a response which was comparable to sham treatment of the
uterus.

On the basis of this data, it can be concluded that local

administration of phosphate buffered saline (the vehicle for other
fluids in these experiments) provides a control which shows minimal
changes in the endometrium of the pseudopregnant rat and is a good
control standard of comparison.
Data presented in this investigation demonstrated that
prostaglandin F

2~

produces a change in uterine weight which is

comparable to that produced by local trauma.

Prostaglandin

F ~

2

with scratch produces a similar response, indicating that the uteri
in these experiments were maximally sensitized and that uterine trauma
did not have an additive effect on the response.

When tissues treated
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with prostaglandin F
were examined by light microscopy, the
2a
morphological characteristics of the tissues were comparable to those
produced by local trauma (Krehbeil, 1937; Velardo et al., 1953;
Finn, 1971).

The cells were hypertrophic with numerous cytoplasmic

processes and were often binucleated.

Additional evidence that

PGF

is important to the decidual cell response is provided by
2a
those data which ranked the response. These results indicated that

PGF

produced a reaction which is comparable to that of traumatized
2a
horns, while saline and sham treated tissues had significantly less
decidualization.

Further evidence that PGF a produces a response,
2

comparable to that of scratched cornua, is provided by the mitotic
index which is significantly higher in PGF a and in scratch treated
2
tissues than in tissues treated with saline or by sham operation.
In addition, morphometric analysis of the tissues at the light
microscopic level indicated that the proportion of endometrium
occupied by decidual cells in the PGF a treated tissues was comparable
2
to that of scratched cornua.
Sananes et al. (1976b) observed an increase in uterine horn
weight and tightly packed stromal cells in the immature rat uteri
four days after intraluminal application of PGF a.
2

The plasma

membranes of these cells were joined by desmosomes and gap junctions
and their cytoplasm contained prevalent Golgi zones and well
developed rough endoplasmic reticulum.

The decidual cells in PGFZa

treated tissues in the present study displayed these features as

161

well as increased branching of the rough endoplasmic reticulum and
dilation of cisternae.

The morphology of decidual cells induced by

PGF2a in the present investigation was similar to that observed by
Jollie and Bencosme (1965) who used uterine trauma to stimulate
decidualization.

Morphometric evaluation of the organelles of

decidual cells treated with PGF a indicated that their ultrastructure
2
was comparable to that of traumatized uteri treated with scratch.
However, the cells from the endometria treated with PGF

2a

seemed to

be metabolically more active in that the surface and volume densities
of the Golgi apparatus and the rough endoplasmic reticulum were
greater than those of traumatized tissues.

Similarly the volume

densities of mitochondria of the prostaglandin induced decidual cells
was greater in PGF a treated cells than in those subjected to local
2
trauma.

This study provides the first morphometric data available

on decidual cells whose induction has been initiated by a stimulus
other than trauma.

Thus the evidence shows that PGF a is capable of
2

inducing morphological alterations of uterine stromal cells which
are comparable to those of traumatized controls.
Other evidence in support of the hypothesis that PGF a is
2
important to the decidual cell reaction has been provided by
several workers.

For example, prostaglandins are increased in

concentration in the uterus at the time of implantation (Kennedy, 1979).
In the pregnant rat which has been ovariectomized and supplied with
progesterone with or without estrogen, PGF a increases the number of
2
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blastocyst implantation sites (Oettel

~

al., 1979).

Prostaglandin

synthetase concentration (Anteby et al., 1979) and prostaglandin F
levels (Weems, 1979) are consistently higher in decidualized tissue
than in nondecidualized uterine horns.

These investigations lend

credence to the possibility that PGF a is important to the DCR.
2
That endogenous prostaglandin is essential to decidualization
has been suggested by a variety of different experiments which provide
indirect evidence of their significance.

Several findings may be

considered to support a hypothetical mechanism whereby PGF a may be
2
an inductive agent in the DCR.

First, the prostaglandins have been

linked to cyclic nucleotides and may act as second messengers
(Hittelman and Butcher, 1973).

PGF a can stimulate the production
2

of cGMP within 45 seconds of application to the uterine tissues
(Kuehl, 1974).

Second, within 5 minutes of local trauma, PGF a
2

production increases (Jonsson et al., 1979), and cGMP and cAMP
increase 10 minutes later (Rankin et al., 1979).

Thus PGF a may
2

initiate cyclic nucleotide production in the uterus.

Inhibition of

prostaglandin synthesis prevents the increase in cyclic nucleotides
(Rankin~

al., 1979).

Third, cyclic nucleotides have been linked

to protein synthesis (Hittelman and Butcher, 1973) and uterine
protein synthesis is initiated as early as 1 hour after the administration of a decidualizing stimulus (Denari, 1976).
PGF

2a

may act through cyclic nucleotides.

It is possible that

Cyclic nucleotides may then

initiate increases in uterine protein production which may be reflected
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morphologically by increases in polyribosomes and rough endoplasmic
reticulum seen in the early stages of the DCR in this investigation.
Fourth, cyclic nucleotides and prostaglandins have been linked to cell
division.

Cyclic GMP (whose production is stimulated by PGF a. in the
2

uterus as noted above) stimulates cell division (Egg et al., 1978).
Fifth, DNA synthesis is markedly increased in the uterus 13 hours after
a decidualizing stimulus (Ledford et al., 1978), and production of DNA
is stimulated by PGFZa.' but is inhibited by PGE

2

(Egg et al., 1978).

Thus PGF a. may increase cyclic nucleotide production by either epithelial
2
or stromal cells which then triggers a series of morphological changes
in the endometrium that result in decidualization.
The source of the prostaglandins which seem able to initiate
the DCR is not yet known.

Dickman and Spilman (1976) have shown that

the blastocyst is capable of synthesizing PGF a..
2

On the other hand,

the epithelial cells may, by contact with the blastocyst or by an
artificial stimulus, be stimulated to produce prostaglandins since
prostaglandins are released by cells at the slightest provocation
(Piper and Vane, 1971).

Lundkvist (1978) suggested that changes

associated with the DCR may be caused by vasoactive compounds
produced by the stromal cells themselves.

Evidence to support this

hypothesis is provided by Williams and Downing (1977) who have
shown that the microsomal fraction of decidual cells from rat uteri
are the source of PGF a. and PGE .
2
2
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The finding in this investigation that PGF2a has a direct
inductive effect upon the DCR contradicts the hypothesis of
Kennedy (1979) who suggests that PGF2a should inhibit the DCR.
Kennedy (1979) has shown that the vasodilator, PGE , increases in
2
concentration as vascular permeability increases when the uterus is
stimulated in the immature rat.

Accordingly he has proposed that

an increase in vascular permeability, initiated by PGE
mediator of the decidual cell reaction.

2

may be a

Kennedy (1979) has also

found PGF2a to increase after uterine stimulation in the immature
rat, but since the compound decreases vascular permeability, he
does not consider it to be an initiator of the DCR.
The present study cannot confirm that PGE
inductive effect on the DCR.

2

has a direct

Prostaglandin E was not found to
2

cause an increase in uterine horn weight above that of saline
controls.

Indeed tissues treated with PGE

2

and scratch demonstrate

a weight gain which was not as great as that of scratch treated horns
This would suggest that PGE
to the response.

2

may in some fashion have been inhibitory

Histological examination of the stroma of PGE

2

treated tissues did not reveal cells which were hypertrophic and
actively dividing.
treated with PGE

2

Thus the stromal response observed in tissues
was not comparable to that described by other

authors (Krehbeil, 1937;
the DCR.

Velardo~

al., 1953) as being typical of

Stromal edema was observed in only a few specimens

treated with PGE .
2

However, the tissues were examined 48 hours after

the decidualizing stimulus, and may therefore have had sufficient
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time to recover from the edema which Kennedy (1979) has shown to
occur with the application of PGE

2

to the uterus.

Histological changes which were different from those seen in
decidualization

~ere

however observed in the luminal epithelium of

tissues treated with PGE .
2

These cells did not become cuboidal as

would be expected, but were tall columnar and contained large
quantities of granules at their basal aspects which were osmiophilic
and were tentatively identified as lipids.
that PGE
that PGE
PGE

2

2
2

This suggests either

causes increases in lipid or phospholipid synthesis or
prevents the release of lipid stores from epithelial cells.

may in this way modify the effect of estrogen upon the

endometrium.

This possibility is supported by the work of Kogo et al.

(1977) who showed that injection of estradiol causes a rapid elevation
of uterine phospholipid synthesis.

While lipids are normally present

in the basal aspect of the progesterone stimulated epithelial cells of
the uterus, estrogen stimulates mobilization of lipids (Elftman,
1963) and phospholipids from epithelial cells

(Gould~

al., 1978).

Thus exogenous PGEQ may in some way modify the status of the
hormonal environment of the endometrial tissues.
It seems clear from the data presented in this investigation
that the effect of PGEZ on the hormone prepared endometrium is not
to act as an inductive agent for the decidual cell response.

The

effects of PGE 2 do not appear to be exclusively hemodynamic in
nature, as has been suggested by Kennedy (1979), since both stromal
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edema and the DCR are usually not present in PGE

2

treated tissues.

Also

lipid synthesis and secretion of the epithelium appear to be altered.
PGE

2

has been shown to be antilipolytic in certain tissues (Caton,

1973) and may have had such an action in these epithelial cells.
Furthermore, the increase in vascular permeability which Kennedy states
is initiated by PGE

2

does not necessarily set into effect the sequence

of events which follows in the DCR.
permeability induced by PGE

2

Evidence that increases in vascular

are not the initiators of the response

have been provided by Lundkvist and Ljungkvist (1978).

They have

shown that morphological changes associated with the DCR, such as
changes in the nucleoli of stromal cells and increases in polyribosome
formation, precede by several hours the vascular changes.

Furthermore,

the function of the increase in vascular permeability, without which
the reaction cannot occur, is not yet known (Kennedy, 1980, personal
communication).
In this investigation, indomethacin, a prostaglandin synthetase
inhibitor, was found to reduce the decidual cell response which is
initiated by local trauma.

Uteri treated with indomethacin immediately

followed by scratch showed only a slight increase in horn weight
above control levels.

When a 30 minute interval separated the

administration of indomethacin and scratch, the changes in horn weight
were still comparable to those of saline treated tissues.

The extent

of decidualization in tissues treated with indomethacin and scratch
was significantly less than in cornua treated with scratch alone.
Mitotic indices in these tissues were comparable to sham operated
cornua.

It would appear from these data that indomethacin may act
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in part to inhibit the initiation of the DCR, either via a
prostaglandin mediated mechanism, or through some other mechanism;
as yet no data to substantiate this hypothesis have been published.
Indomethacin when applied to the uterus without trauma did not
induce a decidual cell response as determined by changes in horn
weight, extent of decidualization, or percent of cells in mitosis.
The data derived in the present study, however, indicate that
indomethacin does not completely inhibit the decidual cell response
which is induced by local trauma.

This confirms the work of

Tobert (1976) who demonstrated that when indomethacin was given
locally to the rat uterus 2 hours before or 8 hours after a
decidualizing stimulus, the response was significantly decreased,
but not entirely prevented.

Likewise, Sananes

~

al. (1976b)

demonstrated a partial reduction in uterine horn weight in the
prepubescent rat when indomethacin was applied locally to the
traumatized uterus.

Rankin~

al. (1979) who have presented

confirmatory data using the mouse as an experimental model suggested
that the signals for initiation of the decidual cell response which
are triggered by local trauma may exceed the duration of the ability
of indomethacin to block the response.
When preformed prostaglandin F a is present in the uterus,
2
the DCR is relatively unaffected by indomethacin (group 3) as
would be expected, since PGF a alone was capable of inducing a DCR
2
(group 1).

The decidual cell reaction induced by PGF a in the
2

presence of indomethacin was generally typical in appearance.

Even

168
when endogenous prostaglandin synthesis was inhibited, the mitotic
index was invariably higher in tissues treated with PGF a than those
2
treated with local trauma (group 3).

This suggests that when

indomethacin prevents endogenous prostaglandin synthesis, the application
of preformed PGF
is capable in some way either of stimulating stromal
2a
cell division, or of overcoming inhibitory factors to cell division
which may be present in the endometrium.

These data provide evidence

that PGF
is important to the decidual cell reaction.
2a
Since indomethacin inhibits phosphodiesterase activity (Kuehl,
1974), inhibition of prostaglandin production may in some way affect
signals to the uterus invoking cell division.

Evidence in support of

this concept is that PGF a initiates DNA synthesis and cell pro2
liferation of fibroblasts in vitro (DeAsua, 1975).

Addition of

exogenous PGF

when the endogenous supply is depleted may provide
2a
sufficient stimulus to the endometrium to initiate the response.

That PGF

is capable of producing the decidual cell response in the
2a
presence of indomethacin lends further support to the hypothesis that

PGF a is the inductive agent for the DCR in the pseudopregnant rat.
2
In order for the DCR to occur, the uterus must be appropriately
prepared with hormones.

There is now considerable evidence that the

synthesis of uterine prostaglandins is controlled at least in part
by the hormonal environment.

First, the injection of estradiol 178

is followed by an increase in PGEs and PGFs in the uterus of both
the intact rat (Castracane and Jordan, 1976) and the ovariectomized
rat (Sharma and Garg, 1977).

Second, when inhibitors of estradiol
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are administered, the increase in prostaglandin production is prevented
(Fenwick et al., 1977). Third, since estrogen is known to be essential
to the process of implantation (Psychoyos, 1973), Oettel (1979) suggests
that nidatory estrogen acts on the endometrium through a mechanism which
involves prostaglandin synthesis and release.

Treatment of

ovariectomized rats with estradiol increases the ratio of PGF a to
2
PGE

2

in animals not receiving progesterone (Ham et al., 1975).

These

data suggest that the ratio of estrogen to progesterone has a
significant effect on the ratio of production of uterine prostaglandins
at the time when the decidual cell reaction is initiated.

It seems

possible from these works that these steroids may prepare the
endometrium for prostaglandin production at the time of maximum
sensitivity.

The prepared uterus may then respond immediately to

stimulation with the production of prostaglandins.

In the present

investigation, when the uterus was maximally sensitized by estrogen
and progesterone, the addition of PGF a at the appropriate time
2
appears to have provided the proper stimulus to the endometrium to
initiate decidualization.

For reasons which have not yet been

fully determined, PGEz does not appear to trigger the response.
Although prostaglandin E does not appear to be capable
2
of inducing the decidual cell response, it may have other functions
in the events surrounding the DCR.

For example, estrogen shifts

cellular metabolism from lipid synthesis to protein synthesis
(Nilsson and Norberg, 1963).

Exogenous PGE

2

in this study may in
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some way interfere with the delicate balance that estrogen and progesterone have in endometrial preparation.
ing that cells treated with PGE
and/or phospholipids.

PGE

2

2

2

appeared to have sequestered lipids

may prevent in some way the action of

estrogen on lipid mobilization.
PGE

This is supported by the find-

In addition, the proper balance of

to PGF a in the hormonally sensitized endometrium may be important
2

in the process of cell division.

Lysosomes have been implicated

in the process of cell division and are increased in stromal cells
just before decidualization (Horan, 1971).

Kaley~

al. (1971) have

shown that PGF a renders lysosomal membranes more labile; this change
2
in membrane stability may enhance the process of stromal cell
division.

On the other hand, one PGE reduces the release of lysosomal

enzymes (Kaley et al., 1971).
cells treated with PGE

2

It may be for this reason that stromal

in this study displayed an abundance of

lysosomes; these cells may have been prevented from dividing as a
secondary effect of excess PGE •
2

Further indirect evidence that PGF a
2

is important to the DCR is that the interstitium in tissues which
are decidualized possesses less collagen than the interstitium of the
nondecidualized stroma.

As decidualization progresses the number of

collagen bundles decrease (Fainstat, 1968).

Ohuci et al., (1977) have

shown that PGF a inhibits incorporation of protein into collagen;
2
thus PGF

2a

may also have an important regulatory function in the

preparation of the interstitium for the decidual cell response.
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Prostaglandins may work synergistically with histamine
in the response.

Both histamine (Shelesnyak, 1959) and prostaglandins

0

(Angard and Standby, 1971) are released from tissue mast cells
which are present at the time when the response is initiated.
Indomethacin has been shown to be an inhibitor of histamine
decarboxylase (Flower, 1974).
in these

Thus it is possible that indomethacin

experiments acted in part by preventing histamine and

prostaglandin release.

If this is true, then a role for histamine

in the DCR (Shelesnyak, 1957) cannot be ruled out.
The data presented in this investigation provide strong
evidence in favor of the hypothesis that PGFZa is an inductive
agent for the decidual cell reaction, and that PGE

2

has no such

direct effect upon the endometrial stromal cells in the
appropriately sensitized uterus.

Prostaglandin F

2

may be the

substance which is produced when the luminal epithelium is
exposed to a decidualizing stimulus.

Additional work is required

to determine the precise source of PGF a
2
of the decidual cell response.

at the time of initiation

SUMMARY AND CONCLUSIONS
I.

SUMMARY
The present investigation has attempted to provide further

information pertaining to the question first posed by Dr. Loeb
(1908), that is:

What is the nature of the stimulus which gives

rise to decidualization?

The work presented here shows that the

direct application of PGF a , but not PGE , to the hormonally
2
2
sensitized uterus induces a decidual cell reaction which is
comparable to that induced by scratch.

The following data

support this hypothesis.
1.

The decidual cell reaction, as measured by the weight

of the uterus, is significantly increased by local application of
PGFZa' but not by PGE 2 .
2.

The morphology of the response induced by PGFZa' but

not by PGE , as identified by light microscopy, is comparable to
2
that which is stimulated by scratch.
the endometrium of PGE

2

Changes in the histology of

treated tissues involve the luminal

epithelium, and are not typical of those seen in the DCR.
3.

The extent of the DCR induced by PGF a when evaluated
2

on a ranking scale of 0+ to 4+, and in terms of the percent of
actively dividing cells is comparable to scratch treated horns.
4.

The extent of the response of PGF a treated tissues
2

was like that of scratched controls when compared on a morphometric
basis by light microscopy.
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5.

The ultrastructure of decidual cells in the response

induced by PGF a was morphologically similar to that of tissues
2
treated with local trauma.

Morphometric evaluation of decidual cells

from these two treatment regimens indicated that surface and volume
densities of organelles examined were comparable.
decidual cells from PGF
more active.

2a

However, the

treated cornua appeared to be metabolically

These data provide the first available morphometric

evaluation of decidual cells.

Ultrastructural changes in the

morphology of the luminal epithelium of PGE

2

treated cornua involved

the accumulation of material at the basal aspects of the cells which
was tentatively identified as lipid.
PGE

2

This seemed to indicate that

may in some fashion alter the synthesis or release of lipids

and/or phospholipids in the endometrium.
This work also determined that locally applied PGF a is
2
capable of inducing a decidual cell reaction even if endogenous
prostaglandin production is prevented by a prostaglandin synthesis
inhibitor.
1.

The following data support this hypothesis.
Indomethacin, an inhibitor of prostaglandin synthesis,

is capable of reducing the response usually stimulated by scratch.
2.

The decidual cell response induced by PGF a when
2

indomethacin is present, is comparable to that of scratch treated
horns as measured by changes in horn weight.
3.

The response induced by PGF a in the presence of
2

indomethacin was comparable to scratch treated controls as identified
by light microscopy.
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4.

When the response is evaluated relative to the extent

of the reaction and of actively dividing cells, the DCR is
significantly greater in tissues treated with indomethacin and PGF a
2
than in tissues treated with indomethacin and scratch.

5.

The ultrastructural changes of decidual cells in

tissues treated with indomethacin and PGF a were morphologically
2
similar both to those induced by scratch and to those induced by

PGF a alone.
2
These data provide the first extensive morphological
evaluation of the early stages of the decidual cell reaction in
the mature oophorectomized rat.

II.

CONCLUSIONS
1.

This work provides strong evidence in favor of the

hypothesis that PGF

2a

is capable of directly inducing the decidual

cell response.
2.

PGE

2

does not appear to be capable of directly

inducing the decidual cell reaction.
produced by PGE

2

These data suggests that changes

involving increased vascular permeability may not

necessarily be the inductive agents of the decidual cell response.
3.

DCR.

Indomethacin appears to be capable of reducing the

PGF a is still capable of inducing the DCR when the endogenous
2

prostaglandin synthesis is inhibited by indomethacin.
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